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BONE STIMULATING FACTOR 

This application claims phohlyfrorn United States Patent Application Senal •*>. 
W0 4»«ll«*'l'.im«N*l> tan?on^ herein Wrefemru*. 

Th ep re san.^n.tenreia teS tepoi»pept i des^^a te b.ne gra «»h. 

Understanding of ssues related to bone growth and Srength has progressed 
,««. « m a summary being provided in international patent application No. 

,5,1994 ' v^«-^•••-^* d ^^ , ^ - ^!. , *" 

,. andacoompan.ngd^e.areexompr-^epatentl.era^. 

^peanPatentApp^n Mo. 499242pul«ed August, ™<^^°"*" 

«• K«4 ,„„ C 25 ,992underNo.92n 0515 1992de S cnbesadmgeonta l ™ngthehu m an 
pobl^hed June 25, .992 under N ^ No ^ 

N-terminal parathyroid hormone (PTH) tragmem i h 
^"Led Se^embe, ,6. ,991 descdbes parathyroid hormone pep«de 

LesPaL N o. 5,461,34 rssued 

Company ofth. Hebrew Urwem«, of Jenrsalem c^es osteogen, growth polypepbdes 
IdenfiSed from regenerating bone marrow. ™av« effect of 

A relatively short half life of PTH in the blood serum and the positive ^ 

PTH may in some way lead to induction of a second factor into the 

p^nce of such a second factor In Wood serum of rats and of humans has thus been 

hWeS * ated ' i.tasbeen.oundpossibletoisolate^-a.bloodsemmar^pWe 
35 sul^nce,*ich.uponadmlnr^ . 

1 Anudeic acid probe, based on the anino acid sequence of the rat pepbdewas 

re^seau.ncecodi^^rahum.nb^neapposr.onpcfyoep.de. Apo^ederrved 
^rLnuc.^a^sequencewas^us — syn^accor.ngto.tede^ 
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sequence Gty He Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lie ^ ** r ° 
2 Lys Ala Ala Glu Thr Leu Me. Va, Leu Asp G,n Asn Gin Pro (SEQ ID N0:1). » has been 
observed .ha. .he bone appc*n rate in »*>c. rate increases in , dose ^°"<^" 
upon adm^on ofthis chemically synced compound. Reduced bone 9 ,o* norrnaUy 
5 „L™ed for ovariectomy ra*. was observed nofto occur «, n* after being admired 
„» me polypepade over a tour week period begMng two weeks a«er ovariectomy. 

pcfypeptde over an eight week period beginning eight weeks after ownectom^on. 
ntsthougmpossilDtethattheactrvepoh^^ 
,0 se,uence.the,eb«ng evidence of ^ g „i to nt*rnerforma«on. presumabWduetoadisultlde 
bridge between two polypeptides having the sequence shown. 

A modified form of the polypeptide containing a cys-ala sutettuton wasthus 
syn^esiz^G^lleGlyLysAmThrMnGluHfeThrAlaMpAlaUvslleUysProAsnThrLeu 
*L»sL»sAlaA,aG,uThrLeuMe, V a,UuA S pG 1 nAsnG,nP,o(SE Q IDNO : 3,.Son,.o. 

,5 the bone s«mula,o„ effects of the -normal" polypepMe (SEQ ID NO:1) wen, found for the 
^^tlre^dmenf.^boner.nemtapP^n^^adrn^ered^ 

rabbi, an«bodies.o fne normal polypeptide (SEQ ID NO:1) was found to be suppressed. The 
suppression was found «o be attenuated in rate administered wi* both the norma, polypap*. 

20 and antibodies to same. ,ecmn 
Further, certain polypeptide fragments of the normal polypept.de (SEQ ID 
NO:1) have been synthesized and each has been found to have bone stimulatory effects: 
SEQ ID NO'4' 

Gly lie Gly Lys Arg Thr Asn G.u His Thr Ala Asp Cys Lys lie Lys Pro Asn Thr Leu His Lys Lys 
25 Ala Ala Glu Thr Leu Met Val 

SEQIDNO:5: , . 

GlylleGryLysArgThrAsnGiuHisThrAlaAspCysLyslleLysProAsnThrLeuH^LysLys 

Ala Ala 
SEQIDNO:6: 

30 Gly lie Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lie Lys Pro Asn Thr Leu 
SEQ ID NO:7: 

Gly He Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys He 
SEQ ID NO:8: 

Gly He Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys 
35 SEQIDNO:9: 

Arg Thr Asn Glu His Thr Ala Asp Cys Lys 

Further, the polypeptide identified as SEQ ID NO: 7 has been found to 
increase bone calcium content of ovariectomy rats when administered over a period of «aht 
or twelve weeks. 

40 Other polypeptide fragments of the normal polypeptide (SEQ ID NO: 1) have 
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a ,so been synthesized and have been found to lac* the bone stimulatory effect found for the 
normal polypeptide: 
SEQ ID NO:10: 

Leu His Lys Lys Ala Ala Ghi Thr Leu Met Val Leu Asp Gin Asn Gin 

5 SEQIDNO-.11: 

Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp Gin Asn 

SEQ ID NO:12: 

Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp Gin 
SEQ ID NO:13: 
10 Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp 

A^Thr A^n^Glu His Thr Ala Asp Cys Lys He Lys Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr 
15 Leu Met Val Leu Asp Gin Asn 
SEQ ID NO:16: 

Arg Thr Asn Glu His Thr Ala Asp Cys Lys He 

The polypeptide identified as SEQ ID NO:9 was modified to include a 
protecting group at each end. The N-terminus was thus acetylated and C-terminus was 
20 amKiated Theact^ofth, protected P olypep M e, « as SEQ ,D NQ 2 4. was found to 
increase the bone mineral apposition rate in rats beyond that observed for each of the 
polypeptides identified as SEQ ID NOs: 1 ,7 and 9. 

It has been reported that histidine and cysteine residues can effect degradation 
of asparagin* and aspartyl-containing ^peptides in me absence of catalytic e^es t .nt^ 
25 Peptide Protein Res. 45,1995,547.5531. The M analogues of the porypeptde Kientified 
as SEQ ID NO:9 were tested, for stability and for effects on bone mineral apposition rate. 
SEQ ID NO.25: 

CH 3 CO - Arg Thr Asn Glu His Thr Ala GJu Cys Lys - NH, 
SEQ ID N026: 
30 CH s CO - Arg Thr GJq Glu His Thr Ala GJu Cys Lys - NH, 

SEQ ID NO:27: 

CH3CO - Arg Thr GJu Glu His Thr Ala Asp Cys Lys - NH, 

In terms of stability under the various conditions tested, the polypeptides 
identified as SEQ ID NOs:25 and 26 were found to be more stable than those identified as SEQ 
35 IDNOs:9,7and24. The polypeptide identified as SEQ ID N027 was found to be less stable 
than any of SEQ ID NOs: 7, 9, 24, 25 and 26. 

Each of the polypeptides identified as SEQ ID NOs.24. 25. 26 and 27 were 
found to increase the bone apposition rate over that observed for control rats. 

Polypeptide sequences corresponding to SEQ ID NOs:25, 26 and 27 .n whrch 
40 the terminal amino acid residues are not protected are referred to herein as SEQ ID NOs28. 
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p ^ mb a M do n «, B ^c h » n s..meco m pon e ,»a m , n oadds.^po rta n. to «,sac^of 
to 10*mino sequences identified as SEQ ID NOsS, 24. 25 26 and 27: 

©-©-©-©-©-©- ©-©-Cys-ffi 

,„tbe case i-**.*******--"--"- chain does no, boa, a full ton* 

charae under physiological conditions. 

Po^p^desin^alanM^ 
a mM a^ h a^acna ra ed^ech*.SEQNOs^.35.36. 3 7and38.v» re ,o U nd.c,a* 

.ne case of the seven* amino add. which is alanine ,n I. parent sequence. SEQ ID NO.9) 
inmelv retain bone stimulatory activity. 

iargetyretam A ^ pMeh ^^^ aI ^ oad(1 , c>stei „e. l ,asbeen re placedb» 
^„e(SEQIDNO:43)»^loundtohav.sOT.b«,es«muWacl»il 1 ,. 

^ ,„ mamma*, the compou™. beU* delved fmm a po*pep*ie ^ 
oILno add side chain charges provided by the am»,o add sequence 

proved by me pep«de baclcbone o. the amino acid sequence corresponding to SEQ NO.9. 
laaparlicularaspeclthecompoundisilselfapolypeptde. _ EQ , DNOs . 24 
,„ a particular aspect, fo, example, polypeptides rdenMed as SEQ ID NOs*.. 
25 26 27 39 40 and 41 . the charge pattern of the compound con*** essentially <r) mat 
25. 2°. ... . n NO « ,|, a t is, it bears side dram 

25 plated bythe amino acid sequence corresponds to SEQ ID MOA » _ 

charges in the orter of and spaced as tne amino add ade chams of SEQ ID NO.9 and does 
«I*e,ardnoadd,T,e — indudesacon^un^^subs^nso^ 

In another aspect, the inyention indiKtes a compound ha»,ng bone simulator, 

charges provided by fne amino acid sequence correspond^ to SEQ ID NO.9 ng 
a^msequencehomotogy.-m.pamn.s^uer^MfedasSEQIDNOI . Th. 

, ^ ll ^.«llKM-i-l«--'»- -,,i- * ,^ 

podtionnumber2,3.6or9ofSEQIDNO : 9. „„rirt«o U ence 
The present invention includes a polypeptide having an am.no ad sequence 

corresponding to SEQ ID NO:1 - (a) from one to about four 4 amino acids deleted from the 
t ZZso?sEQ,DNO:,(b,onetoabou,22an*.oaddsde,e te dnom f neO*rm m uso, 
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^1 about* ^^d^^O^-«»«*-«« 

5 ora^cona.^u^homologue. Sequence homo^.po^^ 

pm^erstoodtothoses^^ 

Log, (H. Lodfch, D. Battmore, *. Be* S.L. Zipun*,. P. MM« - •>• "->* 
! LnBooks NewYort.Oity.ThMEditon.1995). Likewise, the invention includes b 

««. deleted from the C-terminus o. SEQ ID NO:4, or both (a) and «* o, a funrtonail, 
^ten, homologue. me ^enton deludes a polypnea ha*ng an amino a*d — 
le S pon 0 * gtt SEQIDNO : 5w*(a, U p to aoou„our4am,noac U sde,e»d ft o m »..N s 

,5 TdI-S „ rb o«,<a,and ( b);o,a.unc e on*e qU »aten. h o m o,o 9U e. The^nton^ci desa 
Zptteha^anam^^^ 

nTLoaJdeiete.^^e^uao.SEQiDNO:^^)^-^^.^^^ 
;:l« rom .heC- t en rt nn 5 o ( SEQ 1 0 N O..0,bo ft( a,,nd ( b, ; o,an J n«na,^— 

h^ologue. The twenta. includes a polypeptide having an amino acid sequence 

T« orho»,(a,and(b, ; o,a fU n*na,WedU« to .ho m .io 8U e. The in»enhon aiao »c^es 
Tpo^e havir* an an*o actf sequence conespon*g «o SEQ D NM up . a»u, 

2 S Benson indudes a polypepnde having an amino acid sequence copending to SEQ 

NO* or a functionally equivalent homologue thereof. .,.,_». 

Theinventk,nindudesac<,iypeptideuptoabout30arninoac* m leng* 

comprising an an*, acid sequence corresponding to SEQ ID NO* orafuncaonarrye^alen. 
honv.logueftereo.w^^testonegrow^.nn.ammate. ^^^7° 
30 protected tnM amino group, or a protected terminal carboxyl group, or bo^The N- 
terminal protect group can be an ace* group. The C*nn,nal can be protected by 
corwersion of the carboxy, group to an an* group, t. which for example, the ammo nfrogan 
thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide of up to about 25 ammo aods n length 

35 compr*nganaminoaoldsec,en^^ 

homologue thereof which promotes bone growth in mamma., The polypept.de «n h^e a 
protected terminal amino group, or a protected terminal carboxyl group, or both^The N- 
terminal protecting group can be an acetyl group. The Wermina. can be protected by 
Zelnofthecarboxy.grouptoanamide group, in which for example, the amino nrt rogen 

40 thereof is bound to two hydrogen atoms. 
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Alternatively, the invention includes a polypeptide of up to about 20 amino 
ackte in length comprising an amino acid sequence corresponding to SEQ ID NO:9 or a 
functionally equivalent homologue thereof which promotes bone growth in mammals. The 
polypeptide can have a protected terminal amino group, or a protected terminal carboxy. group. 
5 or both The N-termina. protecting group can be an acetyl group. The C-terminal can be 
protected by conversion of the carboxyl group to an amkie group, in which for example, the 
amino nitrogen thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide of up to about 15 amino acds ,n length 
comprising an amino acid sequence corresponding to SEQ ID NO:9 or a functionally equh,a.ent 
10 homologuethereofwhichpromotesbonegrowthinmammals. The polypeptide can have a 
protected terminal amino group, or a protected terminal carboxyl group, or both. The N- 
termina. protecting group can be an acetyl group. The C-terminal can be protected by 
conversion of the carboxyl group to an amide group, in which for exampie. the ammo ntrogen 
thereof is bound to two hydrogen atoms. 
! 5 The invention includes a polypeptide about 10 amino acids in length 

comprising an amino acid sequence corresponding to SEQ ID NO:9 or a functionally equrva.ent 
homologue thereof which promotes bone growth in mammals. The polypeptide can have a 
protected terminal amino group, or a protected terminal carboxyl group, or both. The N- 
terminal protecting group can be an acetyl group. The C-terminal can be protected by 
20 conversion of the carboxy. group to an amide group, in which for exam P .e. the am.no ntrogen 
thereof is bound totwo hydrogen atoms. The invention includes a polypeptide having an am.no 
acid sequence corresponding to SEQ ID N024. 

The invention includes a polypeptide up to about 30 amino acids in length 
comprise an amino acid sequence corresponding to SEQ ID NO:28 or a functionally 
25 equ,a,enthomo,oguethereofwhichpromotesbone g rowthinmammai, ^P°>^" 
have a protected terminal amino group, or a protected terminal carboxy. group, or both. The N- 
terminal protecting group can be an acetyl group. The C-terminal can be protected by 
conversion of the carboxy. group to an amide group, in which for example, the amino n,trogen 
thereof is bound to two hydrogen atoms. 
30 The invention includes a polypeptide of up to about 25 amino acids m length 

comprising an amino acid sequence corresponding to SEQ ID NQ28 or a functionally 
equivalent homologue thereof which promotes bone growth in mammals. The polypeptide can 
have a protected terminal amino group, or a protected terminal carboxyl group, or both. The N- 
terminal protecting group can be an acetyl group. The C-termina. can be protected by 
35 conversion of the carboxy. group to an amide group, in which for example, the ammo nrtrogen 
thereof is bound to two hydrogen atoms. 

Alternatively, the invention includes a polypeptide of up to about 20 ammo 
acids in length comprising an amino acid sequence corresponding to SEQ ID N028 or a 
functionally equivalent homologue thereof which promotes bone growth in mammals. The 
40 polypeptide can have a protected terminal amino group, or a protected terminal carboxy. group. 
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or both The N-terminal protecting group can be an acetyl group. The C-terminal can be 
protected by conversion of the carboxyl group to an amide group, in which for example, the 
amino nitrogen thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide of up to about 1 5 amino acids in length 
5 comprising an amino acid sequence corresponding to SEQ ID N028 or a functionally 

equivalent homologue thereof which promotes bone growth in mamma.s. The polypeptide can 
have a protected terminal amino group, or a protected terminal carboxyl group, or both. The N- 
terminal protecting group can be an acetyl group. The C-termina. can be protected by 
conversion of the carboxyl group to an amide group, in which for example, the amino nrtrogen 
10 thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide about 10 amino acids in length 
comprising an amino acid sequence corresponding to SEQ ID N028 or a functionally 
equivalent homologue thereof which promotes bone growth in mammals. The polypepbde can 
have a protected terminal amino group, or a protected terminal carboxyl group, or both. The N- 
15 terminal protecting group can be an acetyl group. The terminal can be protected by 

conversion of the carboxyl group to an amide group, in which for example, the amino nrtrogen 
thereof is bound to two hydrogen atoms. The invention includes a po.ypeptkle having an ammo 
acid sequence corresponding to SEQ ID N025. 

The invention includes a polypeptide up to about 30 amino acids in length 
20 comprising an amino acid sequence corresponding to SEQ ID NQ29 or a functionally 

equivalent homologue thereof which promotes bone growth in mammals. The polypepbde can 
have a protected terminal amino group, or a protected terminal carboxyl group, or both. The N- 
termina. protecting group can be an acety. group. The C-terminal can be protected by 
conversion of the carboxyl group to an amide group, in which for example, the amino nrtrogen 

25 thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide of up to about 25 amino acids m length 
comprising an amino acid sequence corresponding to SEQ ID N029 or a functionally 
equivaient homologue thereof which promotes bone growth in mammals. The polypeptide can 
have a protected terminal amino group, or a protected terminal carboxyl group, or both. The N- 
30 terminal protecting group can be an acetyl group. The C-terminal can be protected by 

conversion of the carboxyl group to an amide group, in which for example, the ammo nrtrogen 
thereof is bound to two hydrogen atoms. 

Alternatively, the invention includes a polypeptide of up to about 20 amino 
acids in length comprising an amino acid sequence corresponding to SEQ ID N029 or a 
35 functionallyequivalenthomologuethereofv^ichpromotesbonegrovrthinmammals. The 

polypeptide can have a protected terminal amino group, or a protected terminal carboxyl group, 
or both. The N-terminal protecting group can be an acetyl group. The C-terminal can be 
protected by conversion of the carboxyl group to an amide group, in which for example, the 
amino nitrogen thereof is bound to two hydrogen atoms. 
40 The invention includes a polypeptide of up to about 15 amino acids in length 
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comprising an amino acid sequence corresponding to SEQ ID N029 or a functional* 
ejalenthomoioguethereofwhichpromotesbonegrowthin mamma,, The po^eptde can 
have a protected terminal amino group, or a protected terminal carboxy. group, or both. The N- 
terminal protecting group can be an acetyl group. The terminal can be protected by 
5 conversion of the carboxy. group to an amide group, in which for example, the ammo ntrogen 
thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide about 10 amino acids in length 
comprising an amino acid sequence corresponding to SEQ ID N029 or a ^eHowl* 
eq U ,a.enthomo.ogue thereof which promotesbone growth in mammal, The I****™ 
1 0 have a protected terminal amino group, or a protected termina. carboxy. group, or both. The N- 
termina. protecting group can be an acety. group. The C-termina. can be protected by 
conversion of the carboxy. group to an amide group, in which for example, the am.no nrtrogen 
thereof is bound to two hydrogen atom, The invention includes a polypeptide having an am.no 
add sequence corresponding to SEQ ID N026. 
15 The invention includes a polypeptide up to about 30 amino acute .n length 

comprising an amino acid sequence corresponding to SEQ ID NO:30 or a functionally 
^alent homoiogue thereof which promotes bone growth in mammals. The poiypept^e can 
have a protected termina. amino group, or a protected termina. carboxyl group, or both. The N- 
termina. protecting group can be an acety. group. The C-termina. can be protected by 
20 conversion of the carboxy. group to an amide group, in which for exampie, the am.no nrtrogen 

thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide of up to about 25 amino aads m length 
comprising an amino acid sequence corresponding to SEQ ID NO:30 or a functionary 
equfcalent homo.ogue thereof which promotes bone growth in mamma., The 
25 have a protected termina. amino group, or a protected termina. carboxyl group, or both. The N- 
termina. protecting group can be an acety. group. The C-termina. can be protected by 
conversion of the carboxy. group to an amide group, in which for example, the ammo ntrogen 
thereof is bound to two hydrogen atoms. 

Alternatively, the invention includes a polypeptide of up to about 20 ammo 
30 acids in length comprising an amino acid sequence corresponding to SEQ ID NO.30 or a 
functional equivalent homologue thereof which promotes bone growth in mammal, The 
polypeptide can have a protected termina. amino group, or a protected termina. carboxy. group, 
or both The N-terminal protecting group can be an acetyl group. The terminal can be 
protected by conversion of the carboxyl group to an amide group, in which for example, the 
35 amino nitrogen thereof is bound to two hydrogen atom, 

The invention includes a polypeptide of up to about 15 amino aads m length 
comprising an amino acid sequence corresponding to SEQ ID NO:30 or a 
equivalent homologue thereof which promotes bone growth in mammals. The polypeptide can 
have a protected terminal amino group, or a protected terminal carboxyl group, or both. The N- 
40 termina. protecting group can be an acetyl group. The C-terminal can be protected by 
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conversion of the carboxyl group to an amide group, in which for example, the amino nitrogen 
thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide about 10 amino acids in length 
comprising an amino acid sequence corresponding to SEQ ID NO:30 or a functionally 
5 equhra.ent homo.ogue thereof which promotes bone growth in mammals. The oolypeptde can 
have a protected terminal amino group, or a protected termina. carboxyl group, or both. The N- 
terminal protecting group can be an acetyl group. The C-terminal can be protected by 
conversion of the carboxyl group to an amide group, in which for example, the amino nrtrogen 
thereof is bound to two hydrogen atoms. The invention includes a polypeptide having an ammo 
10 acid sequence corresponding to SEQ ID N027. 

Polypeptides of the present invention can be incorporated into larger 
polypeptide sequences in which there is repetition of active sequences in a single molecule. 

The inventive polypeptide can be synthetic and the amino acid sequence can 
have a molecular weight in the range of from about 1 000 to 4000. 
i 5 The invention includes a polypeptide having a sequence of amino aads 

sufficiently duplicative of another, i.e.. second polypeptide having an amino acid sequence 
corresponding to SEQ ID NO:1 (or SEQ ID NO:3) with (a) from one to about four 4 amino acds 
deleted from the N-terminus of SEQ ID NO:1 (or SEQ ID NO:3). (b) one to about 22 ammo 
acids deleted from the C-terminus of SEQ ID NO:1 or (SEQ ID NO:3). or both (a) and (b). or a 
20 functionally equivalent homologue thereof, such that the polypeptide is encoded by a DMA that 
hybridizes under stringent conditions with DNA encoding the second polypeptide. The 
polypeptide can be up to about 30 amino acids in length, for example, and the sequence of that 
polypeptide can be repeated within a larger polypeptide, or contain other polypeptide 
sequences which are not by themselves stimulate bone growth. Such polypeptide could also 
25 be up to 25, 20, 15 or about 10 amino acids in length. 

■Stringent hybridization conditions" takes on its common meaning to a person 
skilled in the art here. Appropriate stringency conditions which promote nucleic acid 
hybridization, for example, 6x sodium chloride/sodium citrate (SSC) at about 45'C are known to 
those skilled in the art The following examples are found in Current Protocols in Molecular 
30 Biology, John Wiley & Sons, NY (1989), 6.3.1-6.3.6: For 50 ml of a first suitable hybridization 
solution, mix together 24 ml formamide, 12 ml 20x SSC. 0.5 ml 2 M Tris-HCI pH 7.6, 0.5 ml 
100x Denhardf s solution, 2.5 ml deionized H,0. 10 ml 50% dextran sulfate, and 0.5 ml 10% 
SDS. A second suitable hybridization solution can be 1% crystalline BSA (fraction V), 1 rnM 
EDTA 0.5 M Na 2 HPO, pH 72, 7% SDS. The salt concentration in the wash step can be 
35 selected from a low stringency of about 2x SSC at 50'C to a high stringency of about 02x SSC 
atSOX. Both of these wash solutions may contain 0.1% SDS. In addition, the temperature m 
the wash step can be increased from low stringency conditions at room temperature, about 
22'Ctohighstringencyconditions,atabout65X. The cited reference gives more detail, but 
appropriate wash stringency depends on degree of homology and length of probe. If homology 
40 is 100%. a high temperature (65-C to 75-C) may be used. If homology is low, lower wash 
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temperatures must be used. However, if the probe is very short (<100bp), lower temperatures 
must be used even with 100% homology. In general, one starts washing at low temperatures 
(3TC to 40X). and raises the temperature by 3-5'C intervals until background is low enough 
not to be a major factor in autoradiography. 
5 m another aspect the invention is a synthetic polypeptide having in vivo bone 

stimulatory activity in mammals and which increases mineral content fi.e., calcium) in bones of 
mammals, having an amino acid sequence which is at least about 19% conserved in relation to 
the amino acid sequence identified as SEQ ID NO:1 and having at least one amino aad deleted 
therefrom, or a functionally equivalent homologue. 
10 The invention includes a synthetic polypeptide having in vivo bone stimulatory 

activity in mammals and which increases mineral content in bones of mammals, having an 
amino acid sequence which is at least about 22% conserved in relation to the amino acid 
sequence identified as SEQ ID NO:1 and having at least one amino acid deleted therefrom. 

The invention includes a synthetic polypeptide having in vivo bone stimulatory 
15 activity in mammals and which increases mineral content in bones of mammals, having an 
amino acid sequence which is at least about 25% conserved in relation to the amino aad 
sequence identified as SEQ ID NO:1 and having at least one amino acid deleted therefrom. 

The invention includes a synthetic polypeptide having in vivo bone stimulatory 
activity in mammals and which increases mineral content in bones of mammals, having an 
20 amino acid sequence which is at least about 28% conserved in relation to the amino acid 
sequence identified as SEQ ID NO:1 and having at least one amino acid deleted therefrom. 

The invention includes any of the foregoing synthetic polypeptides in which at 
least six amino acids deleted from the polypeptide sequence; or in which at least eleven amino 
acids deleted from the sequence; or in which at least sixteen amino acids deleted from the 
25 sequence; or in which at least twenty-one amino acids deleted from the sequence; or in wh.ch 
at least twenty-six amino acids deleted from the sequence. 

The invention includes a polypeptide having a sequence of amino acids 
sufficiently duplicative of one of the foregoing synthetic polypeptides such that the polypeptide is 
encoded by a DNA that hybridizes under stringent conditions with DNA encoding the synthetic 
30 polypeptide. 

In another aspect the invention is a polypeptide exhibiting bone sbmulatory 
activity in mammals, the polypeptide having the sequence identified as SEQ ID NO:1 , SEQ ID 
NO-3 SEQ ID NO:4, SEQ ID NO:5. SEQ ID NO:4. SEQ ID NO:6. SEQ ID NO:7, SEQ ID NO:8, 
SEQ ID NO*; SEQ ID N024; SEQ ID NO:25; SEQ ID NO:26; SEQ ID N027; SEQ ID N028; 
35 SEQ ID N029; or SEQ ID NO:30; analogues thereof wherein the amino acids in the sequence 
may be substituted, deleted or added, so long as the bone stimulatory activity in mammals 
derived the three dimensional structure of the sequence is preserved; and conjugates of each 
of the polypeptides or analogues thereof, wherein if the polypeptide sequence has that 
identified as SEQ ID NO:1 . then there is at least one amino acid deleted therefrom. The 
40 invention includes a polypeptide that has a sequence of amino acids sufficiently duplicative of 
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such a bone stimulatory polypeptide (or a functionally equivalent homologue thereof) that the 
polypeptide is encoded by a DNA that hybrids under stringent conditions with DNA encod,ng 

Hie bone stimulatory polypeptide. 

in another aspect, the invention is a polypeptide that includes an ammo aod 
5 sequence that is between 19% and 90% conserved in relation to the amino acid sequence 
identified as SEQ ID NO:1 ; or an amino acid sequence that is between 19% and 86% 
conserved in relation to the amino acid sequence identified as SEQ ID NO:1 ; or an amino acd 
sequence that is between 19% and 69% conserved in re.ation to the amino acid sequence 
identified as SEQ ID NO:V, or an amino acid sequence that is between 19% and 56% 
10 conserved in relation tothe amino acid sequence identified as SEQ ID NO* or an amino acd 
sequence that is between 19% and 42% conserved in relation to the amino acid sequence 
identified as SEQ ID NO:1 ; or an amino acid sequence that is between 19% and 39% 
conserved in relation to the amino acid sequence identified as SEQ ID NO:1 ; or an amino acd 
sequence that is between 1 9% and 28% conserved in relation to the amino acid sequence 
15 identified as SEQ ID NO* or an amino acid sequence that is between 28% and 90% 

conserved in relation to the amino acid sequence identified as SEQ «D NO* or an amino acd 
sequence that is between 28% and 86% conserved in relation to the amino acid sequence 
identified as SEQ ID NO* or an amino acid sequence that is between 28% and 69% 
conserved in relation to the amino acid sequence identified as SEQ ID NO:1 ; or an amino acd 
20 sequence that is between 28% and 56% conserved in relation to the amino acid sequence 
identified as SEQ ID NO:1 ; or an amino acid sequence that is between 28% and 42% 
conserved in relation to the amino acid sequence identified as SEQ ID NO:1 ; or an amino acd 
sequence that is between 28% and 39% conserved in relation to the amino acd sequence 
identified as SEQ ID NO:1 : or a functionally equivalent homologue that has bone stmutatory 

25 activity in a mammal. 

The polypeptide can be a chimeric bone stimulating factor that includes any of 

the amino acid sequences described above as part of the invention. 

The invention includes an agent for use in prevention and treatment of a bone 
reduction related disease that includes any polypeptide described above as part of the 
30 invention, including of course a chimeric polypeptide, as an active ingredient 

The invention is thus also a pharmaceutical composition for promoting bone 
growth, having a therapeutically effective amount of any polypeptide described above as part of 
the invention. 

The invention includes a method of increasing bone growth in a mammal by 
35 administering a therapeutically effective amount of a polypeptide (or a pharmaceutical 
composition including the polypeptide) described above as part of the invention. 

The invention includes the treatment of osteoporosis, promotion of bone 
growth in a mammal or treatment of a human of a bone reduction related disease. 

The invention includes the use of a polypeptide having a sequence accordrng 
40 to any polypeptide of the invention in the preparation of a medicament for use in promoting 
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bone growth or the treatment of osteoporosis, etc. 

The invention includes a diagnostic kit for determining the presence of a 
polypeptide of the invention, in which the kit includes an antibody to a polypeptide (or 
polypeptides) linked to a reporter system wherein the reporter system produces a detectable 
5 response when a predetermined amount of the polypeptide (or polypeptides) and the antibody 

become bound together. 

The invention includes an antibody which binds to a polypeptide of the 
invention. Particularly, the invention includes an antibody which binds to such a polypeptide 
when the antibody is synthesized using the polypeptide. 

! o The invention includes molecules, such as isolated nucleotide sequences 

related to polypeptides of the invention. For example, the invention includes an isolated DNA 
fragment which encodes the expression of any of the polypeptides of the invention. It is of 
course understood that such fragments can vary from one another due to the degeneracy of 
the genetic code. Further, the invention includes a vector that has incorporated into it any such 

15 DNA sequence. 

The invention includes an isolated DNA sequence encoding any amino acid 
sequence of the invention, or an analogue thereof, wherein the amino acids in the sequence 
may be substituted, deleted or added, so long as bone stimulatory activity in mammals derived 
from the three dimensional conformation of the sequence is preserved in a polypeptide having 
20 the amino acid sequence; sequences which hybridize to the DNA and encode an amino acid 
sequence of a polypeptide which displays bone stimulatory activity in mammals; and DNA 
which differs from the sequence due to the degeneracy of the genetic code. 

The invention thus includes processes of producing any polypeptide of the 
invention, including a process which includes: a) preparing a DNA fragment containing a 
25 nucleotide sequence that encodes such a polypeptide; b) incorporating the DNA fragment into 
an expression vector to obtain a recombinant DNA fragment which contains the DNA fragment 
and is capable of undergoing replication; c) transforming a host cell with the recombinant DNA 
fragment to isolate a transformant which can express the polypeptide; and d) culturing the 
transformant to allow the transformant to produce the polypeptide and recovering the 
30 polypeptide from resulting cultured mixture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following description, reference is made to accompanying drawings, 

wherein, 

Figure 1 graphically depicts the bone mineral apposition rate (urn per day) in 
35 rats provided with the chemically synthesized human N-acetyl (N-terminus) polypeptide (SEQ 
ID NO:2) through implantation in parathyroidectomized rats. The error bars indicate ± 1 
standard deviation (S.D.). The value of p was less than 0.001. 

Figure 2 graphically depicts right femoral bone calcium density of rats treated 
over a four week period. Group A rats were ovariectomized and injected daily wiih the 
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chemically synthesized normal peptide (SEQ ID N0:1). Group B rats were ovariectomized and 
injected daily with control solution. Group C rats were subject to sham ovariectomization 
operations and injected daily with control solution. Group D were intact rats injected daily with 
control solution. The error bars indicate ± 1 standard deviation (S.D.). 
5 Figure 3 graphically depicts the bone mineral apposition rate of rats as 

determined by tetracycline labeling after treatment as described in connection with Figure 2. 
The error bars indicate ± 1 standard deviation (S.D.). 

Figure 4 graphically depicts femoral bone calcium concentration of rats treated 
over an eight week period. Group A rats were ovariectomized and injected daily with the 
1 0 chemically synthesized normal peptide (SEQ ID NO:1) beginning eight weeks after the 

operation. Group B rats were similarly ovariectomized and injected daily with control solution. 
Group C rats were subject to sham ovariectomization operations and injected daily with control 
solution. Group D were intact rats injected daily with control solution. The error bars indicate ± 
1 standard deviation (S.D.). 
1 5 Figure 5 graphically depicts the bone mineral apposition rate of intact rats as 

determined by tetracycline labeling. Group A rats were treated with rabbit antibodies to the 
chemically synthesized normal polypeptide (SEQ ID NO:1). Group B rats were treated with the 
same antibodies and the polypeptide itself. Group C is the control group. The error bars 
indicate ± 1 standard deviation (S.D.). 
20 Figure 6 shows a tricine SDS electrophoretic gel of the human chemically 

synthesized polypeptide (SEQ ID NO:1) and the same polypeptide containing a cys-ala 
substitution (SEQ ID NO:3). 

Figure 7 graphically depicts the bone mineral apposition rate (urn per day) in 
rats injected with the chemically synthesized human polypeptide (SEQ ID NO:1), Group A; the 
25 modified chemically synthesized human polypeptide (SEQ ID NO:3), Group B; and control, 
Group C. (N=6 for all groups). The error bars indicate ± 1 standard deviation (S.D.). 

Figure 8 graphically depicts the bone mineral apposition rate (urn per day) in 
rats injected with N-terminus chemically synthesized polypeptides: SEQ ID NO:1 (Group A); 
SEQ ID NO:7 (Group B); SEQ ID NO:6 (Group C); SEQ ID NO:5 (Group D); and SEQ ID NO:4 
30 (Group E). (N=6 for all groups). The error bars indicate + 1 standard deviation (S.D.). 

Figure 9 graphically depicts the bone mineral apposition rate (um per day) in 
rats injection with chemically synthesized polypeptides: SEQ ID NO:8 (Group F); SEQ ID NO:9 
(Group G). 

Figure 10 is a DEXA image of a right femur of a rat showing scanned areas: 
35 A, proximal end; B, diaphysis; and C, distal end . 

Figure 1 1 is a DEXA image of a right femur of a rat showing scanned neck 

area. 

Figure 12 graphically depicts the bone mineral apposition rate (um per day) in 
rats injected with non-N-terminus chemically synthesized polypeptide fragments SEQ ID NO:1 
40 (Group H); SEQ ID NO:16 (Group I); SEQ ID NO:15 (Group J); SEQ ID NO:14 (Group K); and 
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SEQ ID NOs:10,1 1 ,12 & 13 (Group L). (N=6 for all groups). The error bars indicate ± 1 

standard deviation (S.D.). 

Figure 1 3 graphically depicts the bone mineral apposition rate (pm per day) in 
rats injected with chemically synthesized polypeptide fragments SEQ ID NO:1 (Group N); SEQ 
5 ID NO:7 (Group O); SEQ ID NO:9 (Group P); and SEQ ID N024 (Group Q), and a control 
group (Group M). The error bars Indicate ± 1 standard deviation (S.D.). 

Figure 14 graphically depicts the bone mineral apposition rate (pm per day) in 
rats injected with chemically synthesized polypeptide fragments SEQ ID N025 (Group S); SEQ 
ID N026 (Group T); SEQ ID N027 (Group U); SEQ ID NO:24 (Group V) and a control group 
10 (Group R). The error bars indicate ± 1 standard deviation (S.D.). 

Figure 15 graphically depicts the bone mineral apposition rate (pm per day) in 
rats injected with chemically synthesized polypeptides SEQ ID NO:24 (Group AA); SEQ ID 
NO:34 (Group BB); SEQ ID NO:35 (Group CC); SEQ ID NO:36 (Group DD); SEQ ID NO:37 
(Group EE); and SEQ ID NO:38 (Group FF). The first bar of the graph is the control group. 

1 5 The error bars indicate ±1 S.E. 

Figure 16 graphically depicts dosage dependence of the bone mineral 
apposition rate (pm per day) in rats injected with chemically synthesized polypeptides SEQ ID 
NO:34 (Group BB, (■)); SEQ ID SEQ ID NO:35 (Group CC, (A)); SEQ ID NO:36 (Group DD, 
(T)); SEQ ID NO:37 (Group EE, (♦)); and SEQ ID NO:38 (Group FF, (hexagons)). The error 

20 bars indicate +1 S.E. 

Figure 17 graphically depicts the bone mineral apposition rate (pm per day) in 
rats injected with chemically synthesized polypeptides SEQ ID NO:39 (Group GG); SEQ ID 
NO:40 (Group HH); SEQ ID NO: 41 (Group II) and SEQ ID NO:42 (Group JJ). The last bar of 
the graph is the control group. The error bars indicate ±1 S.E. 

25 Figure 1 8 graphically depicts the bone mineral apposition rate (pm per day) in 

rats injected with chemically synthesized polypeptide having the amino acid sequence identified 
as SEQ ID NO:43 (Group KK). The other bar of the graph is the control group. The error bars 
indicate ±1 S.E. 

Figure 19 illustrates the amino sequences of the various polypeptides tested, 
30 active polypeptides being shown above the mid-line and sequences which were not found to 
stimulate bone growth being below the mid-line. 



METHODOLOGY 



The applicable methodology as described in the General Methodology section 
of international patent application No. PCT/CA 94/00144 was followed here. 
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TOXICITY EXPERIMENTS INVOLVING N-TERMINAL ACETYL CHEMICALLY SYNTHESIZED 
POLYPEPTIDE (SEQ ID NO: 2) 

A miniosmotic pump (Alzet) was loaded with about 1 .5 ml of the chemically 
synthesized peptide having an N-terminal acetyl group (SEQ ID N02) in 0.1% acetic acid so as 
5 togiveacalculateddailydeliveryofaboutZSMgperday. A pump was implanted under the 
subcutaneous fascia of the dorsal aspect of the left side of the thorax of five rats which had 
been parathyroidectomized seven days earlier. Five similarly parathyroidectomized rats 
received similar implants containing only 0.1% acetic acid. Five intact rats were also used as 
controls. 

! o Twenty-eight days later 0.5 ml of an aqueous solution of tetracycline 

hydrochloride was injected intramuscularly into the right gluteus maximus of each of the 
implanted rats, as described previously. Another 48 hours later, a second injection of 
tetracycline hydrochloride solution was injected. The rats were sacrificed another 24 hours 
later. 

1 5 The bone mineral apposition rate was determined by examination of a cross- 

sectionofthe lower metaphysis of the right femur of each of the ten rats which had been given 
implants. The results are summarized in Table One depicted graphically in Figure 1 . 



20 



25 



TABLE ONE: Comparison of the Group Arithmetic 
Means Among Groups 




Test Group 


Control Group 


Mean 


1 .27 gm/d 


0.67 um/d 


S.D. 


0.18 um/d 


0.08 um/d 


N 


5 I 5 




t 




Test Group vs 
Control Group 


7.14 





30 



Histological evaluation of selected tissues of the five rate of each of the groups 
indicated in Table One were carried out microscopically. No evidence of toxic lesions was found. 

PXPER1MENTS INVOLVING OVARIECTOMIZED RATS AND THE NORMAL CHEMICALLY 
IStHEsS POLYPEPTIDE (SEQ ID NO:1). ADMINISTRATION OVER A FOUR WEEK 
PERIOD 

Ovariectomies were performed on six female Sprague-Dawley rats, each sedated 
with 1 mg of sodium barbiturate I.P. Sham operations were carried out a second group of six rats. 
35 The rats were given two weeks to recover from the operations. 

The six ovariectomized rats were injected subcutaneously with 100 pi of a 0.1% 
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acetic acid solution containing 100 ug of the chemically synthesized peptide (SEQ ID NO:1) every 
24 hours for 28 days. On day 25, a tetracycline hydrochloride solution was injected intramuscularly 
into each rat so as to give 24 mg per Kg of body weight, as described previously. On day 27, a 
second dose of tetracycline hydrochloride was injected and the rats were sacrificed on the 28th 
d3V 

Asecond group of six ovariectomy rats, was similarly treated with a 0.1% acetic 
acid solution containing no peptide over the same 28 day period. Athird group of six rats, each of 
which had undergone the sham operation, was similarly treated with a 0.1% acetic acid soluton 
containing no peptide overthesame 28 day period. Afourth group of * intact rats was similarly 
treated with a 0.1% acetic acid solution containing no peptide over the same 28 day penod. 

Postmortem blood was taken by cardiac puncture and serum frozen until 
analyzed. A full autopsy was performed on each rat No ill effects were observed in the rats 

treated with the polypeptide. 

Each of the right femurs was dissected out from its soft tissue, fixed forrwo days. 

and X-rays taken at 70 kV for 1 min., 2 min., and 3 min. The 3 minute exposures gave the most 
satisfactory results. The bone densities of the femurs from the second group of rats, the 
ovariectomized rats not treated with the peptide, showed a visibly lower bone density. 

The right femur of each rat was decalcified separately. The decalcification fluri 
consisted of 10% formic acid (v/v) and 5% sodium citrate (w/v) at pH 3.0. Each bone was placed in 
6 ml of the decalcification fluid. The fluid was replaced after 4 days, again after another 4 days, 
again after another 2 days, and again after another 3 days. After another 2 days, the 
decalcification fluid was removed and replaced by deionized water, and the sample agitated for 2 
days Thewaterchangedaftertwodaysandagainafteranotherday. After another day, all of the 
fluid samples for each rat were combined and the final volume of each adjusted to 50 ml wrth 
25 deionized water. 

The volume of each right femur was determined by determining the volume of 
water displaced when the bone was immersed in water. The calcium concentration of each 
sample was determined according to standard methods and the calcium density of each bone 
calculated. The results are tabulated in Table Two and graphically depicted in Figure 2. Ascan 
30 be seen, the bone calcium concentration measured for the ovariectomized rats treated w«th the 
peptide (SEQ ID NO:1) appears to be normal, while the calcium concentration of the untreated 
ovariectomized rats is depressed. 
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tari P TWO: Rinht Femoral Calcium Concentration of Ovariectomized 


Rats 




Group A 




Group C 


Group D 


Mean (umol/ml) 


7.57 


fifil 


7.45 


7.69 


N 


6 


fi 
w 


6 


6 


S.D. 


0.38 




0.28 


0.31 


GROUP 


t 


d.f. 


P 


AvsB 


4.90 


10 


< 0.001 


AvsC 


0.52 


10 


>0.5 


AvsD 


0.60 


10 


>0.5 


BvsC 


5.08 


10 


< 0.001 


BvsD 


6.20 


10 


< 0.001 


I CvsD 


1.40 


10 


>0.1 



The bone mineral apposition rate was determined, as described previously, by 
measurement of the lower metaphysis of the left femur. The results are tabulated in Table Three 
1 5 and graphically depicted in Figure 3. 



20 



TABI E THREE: Bone Mineral Apposition Rates of Ovariectomized Rats 




Group A 


Group B 


Group C 


Group D 


Mean (Mm/day) 


0.90 


0.59 


0.85 


0.86 


N 


6 


6 


6 


6 


S.D. 


0.12 


0.07 


0.07 


0.09 


GROUP 


t 


d.f. 


P 


AvsB 


5.39 


10 


< 0.001 


AvsC 


0.87 


10 


>0.5 


AvsD 


0.21 


10 


>0.5 


BvsC 


6.29 


10 


< 0.001 


BvsD 


5.93 


10 


< 0.001 


CvsD 


0.21 


10 


>0.5 



EXPERIMENTS INVOLVING OVARIECTOMIZED RATS AND THE NORMAL CHEMICALLY 
SYNTHESIZED POLYPEPTIDE, ADMINISTRATION OVER AN EIGHT WEEK PERIOD 

30 Eight weeks after ovariectomization , five ovariectomized rats were injected 

subcutaneously with 100 ul of a 0.1% acetic acid solution containing 100 pg of the chemically 
synthesized peptide in which the N-terminal amino group was modified with an acetyl group (SEQ 
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ID NO:2). This was done every 24 hours for eight weeks. On day 54, a tetracycline hydrochloride 
solution was injected intramuscularly into the right gluteus maximus of each rat so as to give 24 mg 
per Kg of body weight, as described previously. On day 56, a second dose of tetracycline 
hydrochloride was injected and the rats were sacrificed on the 57th day. 
5 A second group of seven ovariectomized rats, was similarly treated with a 0.1 % 

acetic acid solution containing no peptide over the same period. A third group of five rats, each of 
which had undergone the sham operation, was similarly treated with a 0.1% acetic acid solution 
containing no peptide over the same period. A fourth group of five intact rats was similarly treated 
with a 0.1 % acetic acid solution containing no peptide over the same 8 week period. Two rats of 

10 the second group became ill during the 8 week period and were sacrificed prematurely. 

Postmortem blood was taken by cardiac puncture and serum frozen until 
analyzed. An autopsy was performed on each rat No obvious pathology was observed in the rats 
except for surgical scars and atrophy of the uterus and vagina of ovariectomized rats. 

The right femurs were decalcified and calcium density determined as before. The 

1 5 results are presented in Table Four and Figure 4. 



TABLE FOUR: Riqht Femoral Calcium Concentration of Ovariectomized Rats 




Group A 


Group B 


Group C 


Group D 


Mean (umol/ml) 


7.37 


6.89 


7.69 


7.87 


N 


5 


5 


5 


5 


S.D. 


0.15 


0.32 


0.30 


0.24 


GROUP 


t 


d.f. 


P 


AvsB 


3.85 


6 


< 0.005 


AvsC 


1.17 


6 


>02 


AvsD 


3.01 


6 


<0.01 


BvsC 


4.03 


6 


< 0.005 


BvsD 


5.41 


6 


< 0.001 


CvsD 


1.60 


6 


>0.1 



SYNTHESIS OF ANTIBODIES TO CHEMICALLY SYNTHESIZED PROTEIN (SEQ ID NO: 1) 

The chemically synthesized protein (SEQ ID NO:1) was coupled to KLH (keyhole 
30 limpet hemocyanin) with three different cross-linkers, as described below. 

GLUTARALDEHYDE COUPLING 

In 2.5 ml of a PBS solution made up of 2.7 mM KCI, 1 2 mM KHLPO,, 138 mM 
NaCI, 8.1 mM Na 2 HP0 4 , were diluted 5 mg of the peptide (SEQ ID NO:1) to obtain a final peptide 
concentration of 2 mg/ml. 1 0 mg of KLH were diluted in 5.0 ml PBS to obtain a final concentration 
35 of 2 mg/ml. To 1 25 ml of the KLH solution were added 1 25 ml of the peptide solution. 



PCT/CA97/00967 

WO 98/26070 

-19- 

. n mwA thp resultant solution was stirred for 

PBS was changed three times. 

5 a Hd e d1.25mlpeptidesolution. To the resultant solution were 

tnendiaKsedasainstl HmrfPBS. The PBS was changed Ihree times. 
^^DOBENZOVL^OXySUCCNMOE ESTER <MBS> COUPLING 

a concentration of 10 mg/ml. 500 pi of the annya 

,5 1M sodium phosphate buffer (pH 72) P 

Laddedtome^eso^nteo^anf^co— .**-«-^ 

20 temperature for 1 hour. KLH was dissoivea tpmDeratU re for 3 hours and then 

resolution. solution wa. stirred constantly a^^^ 
di a lys e da gai nstHitreofPBS,withthreechangesofthePBS. Thefina.p p. 

about 1 mg/ml and the final KLH concentration was about 1 .5 mg/ml. 

ANTIBODY GENERATION _ llrtinns as follows 250 pleach 

25 Rabbits were injected with the synthetic peptide solutions as follows. P 

ofthe^raldehyde-andEOC-coupledpeptidesolutions^ 
P^sadiuvant.^^^ 

oerleg The total amount of injected peptide was 0.5 mg. 500 pi of the syntne pep™ 
30 intramuscularlyintotherearlegsofanotherrabb.t.SOOplperleg. 

peptide was 0.5 mg. 4 ua of a gel (18% 

Thesvntheticpeptidewasloadedontotwolanes,1.5pgand4pg,oi g v 

— zr~; ^rr^rrr 

=2 =^==S======-— 
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serum of either rabbit . mmoUBzBd peptide and serum antibodies was further studied 

™ Mmm ™^J™ T.esyntheticpept.ewascovaientiy 
^ugh surface plasmon resonance us,ngBlAc» r f different dilu tions were 

injected overthesurface^^^ 

^^^^^^^^^^^^ 

^..greaterthan 50 Resonance Un^^ 

unrelated peptide. 
PEPTIDE 

of the polypeptide (SEQIUimw ; 

TO bone aPP«*°" ■* ,„ Tabte 
===== ==== ^ _ . ._ : „»„^«rith Antibody to tne 



bove, of the lower ngm ■ 



Group A 



0.86 



Group B 



1.22 



0.08 



Group C 
1.30 



0.11 



Grou£AwGroup_B_ 
nrnupAvsGroupC 



>02 



< Q.001_ 



>02 



35 



anted, can be linked to o, «W*d h*h „„,„„ reporter ^m, Mod. 

radioimmuno assays (RIAs) or immun 
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en^me-finked immunosorbent —» ffUSA) would have » — w«h RIAs and IRMAs a 

k, HH. ,SEQ ID NO D could be developed and varlanls of the polypeptide obramed, as 

system described herein for rats, for example. 

Such an antibody-T^ed reporter system could be used ,n a method for 
determining whether blood serum of a subject contains a deficient amount of the polypepbde. 

subject, test kits could thus be developed. 

EXPERIMENTS INVOLVING CHEMICALLY SYNTHESIZED HUMAN POLYPEPTIDE 
D IcWSsCYSTElNE-ALANINESUBSTlTUTlON 

A modified sequence (SEQ ID NO:3) of the chemically synthesized peptide (S^Q- 
,D NO-1) obtained b, substtution o,the c**»ne residue at positon ,3 by alarine was prepared by 

,5 etectrophoretic gel of the modified and unmodified (normal) peptides * shown ■> Rgun* * 
Experiments were carried out on three groups of six rats weighing 
and 320 g. A1 mg per ml solution of the modified peptide (SEQ ID NO:3) was prepay in 0.1^ 

30 o^lrfiedpepfidesourson. Snarly, each ratoflhe second group was 

InoLlpepLs^, Eachratofu.e^grou^eoon^group.was.^O.lm, 

„, 0.1% ace«c acid solution. Immediately following these W a*ns. each -atwas rmected 
^muscu 1 arl»-24m a p.rK g bod»w*.o«,^^ 

water Am^*«~^**>^ — ' l,Mt **"* mmK - , " M 

35 Isacn^d.hoursa.er.eseconddosebyCO.arcos,. ™™J^«^ 

femu, was dssected ou, and fixed in a M aqueous solufion of ■ * * « 

by acetate buffer. Bone secfions were prepared for measurement as ^ 
TheresultearetebulatedinTableStxandgmphicaltydeprcted.nBgure?. Ascan 

be seen tire bone appose rate fo, rate iniectedwim the modified polypeptide is significant* 



WO 98/26070 



PCT/CA97700967 



-22 



greate r.han te «.or m oseo ( m.co^, groU p bu.be,™ bone ap^n^sh^for^ 
rate injected with the normal peptide. 



10 



15 



20 



TABLE SIX: Comparison 

i ■ _ j ~.f^n ri Dan 

Modttiea re j 


of the Group Arithmetic Means Among Gro 
tide. Ifnrr"" <rfi '" < Peptide and Control 


ups Injected with 




Group A 


Group B 


Control Group 




1.67 um/d 


1.35 um/d 


1.02 um/d 


Mean 


0.11 um/d 


0.16 um/d 


0.010 um/d 


S.D. 
N 


6 


6 


6 




t 


d.f 


P 


Group A vs 


122 


10 


<0.001 


Control (Group C) 
Group Bvs 


4.69 


10 


<0.001 


Control (Group C) 
Group A vs Group B 


3.97 


10 


<0.005 



EXPERIMENTS INVOLVING ACTIVE FRAGMENTS OF THE 36-AMINO AC,D HUMAN 
POLYPEPTIDE 

Polvpepbdes having the amino acid sequences Hentlied as SEQ ID NOs:4 , 5. 6. 
sprngue^ev rats were used as test animals to determine bone mineral 

J,, o, a 0 « ace* add testsoluHon, salens bavin, been spared a, concenbatons » 
Z a Lg,o,at»ut 25 nmo,o.polyp.p«depe,an»na,. Each tost dose was .mrned^ 

25 second injection of tetracycline was made 48 hours later. 



Control Group: 0.1% acetic acid solution 



Ala Glu Thr Leu Met Val Leu Asp Gin Asn Gin Pro 



30 ^1^^^^^^^*^ 



Ala Glu Thr Leu Met Val 



Group D: SEQ ID NO:5: 



PCT/CA97/00967 
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Ala 

5 Group B: SEQ ID N0:7: 

Gly lie Gly Lys Arg Thr Asn G.u His Thr Ala Asp Cys Lys II, 

.na^arbutseparatesetof experiments, bone mineral apposfcon rates were 
tested using the following chemically synthesfced polyoeptdes: 

Group F: SEQ1DN0.8: 
1 o Gly lie Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys 

Group G: SEQIDN0:9: 

Arg Thr Asn Glu His Thr Ala Asp Cys Lys 

displayed bone stimulatory activity. 
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TABLE EIGHT: Comparison 



of the Group Arithmetic Means Among Second Groups 



25 
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BONE CALCIUM CONTENT EXPERIMENTS INVOLVING SEQ ID NO:7 



10 



15 



20 



A further se, o, expenmen* - — « -* «* """V ^ 

.^anddeaiedoflheatlaohrfrouscleswithapowMrwlcmbnish. Itwasscann 
rtactandcteareaoi.n Four regions of Ihefemu. were scanned, as 

downunderScmofdlstlledwaterbyDEXA. Fourregio 

==r:=^======i. 

on absorption and using an internal standard of the machine. 

Results are tabulated in Tables Nine to Eighteen. 



ffi£S*Sl Con** ——HP— «»« 
of Femur 



25 



Control 



A-Ovariectomized 
tno pol ypeptide) 



B-Ovariectomized 
(with polypeptide) 
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20 



25 



B-Ovariectomized 
fwtth polypeptide) 
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TABLE TWELVE: Comparison of Group Arithmetic : Means jjmong 
TABLE TWtuvc. h s£q ^ ^ Adm , nistere d ov< 

SvanectomLd Rats-Bone Mineral Content Me 
ii u« - 


Groups Injected 
>r 56 Days to 
asured in Spine 




Control 


Sham 


A-Ovariectomized 
(no polypeptide) 


B-Ovariectomized 
/uitth nalvrjeotide) 




0.5542 


0.5321 


n 4^22 


0.4606 


Mean (q.) 


0.0275 


0.0172 


0.0226 


0.0234 


SD 
M 


5 


5 


6 


6 




t 


d.f 


P 


Control vs Sham 


0.6805 


8 


N.S. 




4.4196 


9 


<0.005 


Control vs A 
Control vs B 
Sham vs A 


3.1042 

2.8382 


9 
9 


<0.025 
<0.025 


Sham vs B 


1.9951 


9 


N.S. 


GrouD A vs B 


0.8759 


10 


N.S. 



20 



25 



TABLE THIRTEEN: l^^^^^Z^ 
^SEeo Rats-Bone Mineral Content Measured u. 
Femoral Diaphysis 



Control 



A-Ovariectomized 
(no polypeptide) 

0.2146 



B-Ovariectomized 
(with polypeptide) 
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TABLE FOURTEEN: ^SSSSK^STK^ 

Fem oral Diaphysis 




20 



25 



Mean (g.) 



S.D. 



Control vs A 



Control vs B 



End of Femur 



Group A vs Group B 



Control 



0.1597 



0.0185 



14 



t 



3.8255 



2.616 
0.6984 



A-Ovariectomized 
(no polypeptide) 



B-Ovariectomized 
(with polypeptide) 



0.1396 



0.1424 



0.0068 



0.0132 



14 

d.f 



11 



26 



23 



23 



<0.001 



<0.025 



N.S. 
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=£Ss5HE====. 

in Fptnoral Neck 



25 



Mean (g) 



S.D. 



N 



Control vs A 



Control 



0.0334 



A-Ovariectomized 
(nn polypeptide) _ 



0.0303 



0.0049 
14 



0.004 
14 



B-Ovariectomized 
/with pol ypeptide) 



0.0351 



0.0031^ 
10 



Control vs B 

Group A vs Group B 



1.3978 



1.0326 



2.259 



d.f_ 
26 



21 



21 



N.S. 



N.S. 



p<0.005 



30 
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TABLE EIGHTEEN: 



Comoarison of Group Arithmetic Means Among Groups Injected 
wfthPolvoeoJide SEQ ID NO:7 Administered over 56 Days to 
Slectom&ats-Bone Mineral Content Measured ,n 
Femoral Neck 




15 



As can be seen from the tabulated data, the increase in in vivo calcium bone 

Tiered pep^^ 
20 stress. 



EXPERIMENTS 
POLYPEPTIDE 



INVOLVING OTHER FRAGMENTS OF THE 36-AMINO ACID HUMAN 



Polypeptide fragments of the norma, polypeptide (SEQ ID NO:1) were also 
synthesized and tested for bone stimulatory activity as with the terminus fragments. 

25 Control Group: 0.1 % acetic acid 



Group H: SEQlDNO:1: 
Gly lie Gly Lys Arg Thr Asn Glu His 
Ala Glu Thr Leu Met Val Leu Asp Gin Asn Gin Pro 



Thr Ala Asp Cys Lys He Lys Pro Asn Thr Leu His Lys Lys Ala 



Group I: SEQ ID NO:16: 
30 Arg Thr Asn Glu His Thr Ala Asp Cys Lys He 
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Met Val Leu Asp Gin Asn 



GroupL: SEQ ID NOs: 10,11,12 & 13 (mixture): 
Leu Hrs Lys Lys Ala Ala G.u Thr Leu Met Val Leu Asp Gin Asn G.n 
Leu His Lys Lys Ala Ala Glu Thr Leu Met Va. Leu Asp Gin Asn 
Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp Gin 
Leu His Lys Lys Ala Ala Glu Thr Leu Met Val Leu Asp 



10 



15 



w ftberinhtfemur Results obtained are summarized in Table N,neteen and 
metaphysis of the nght femur. Kesu non -N-terminus 

zzzzzz :r:-rr 

apposition rate with respect to the control. 



TABLE NINETEEN: ^arym^e^ 




20 



a, „„<„ ends.** s^esized and Ml ** boo. mm P ^ 

B«*l-«BaoM0.1.7-ia ™'^' ,, ^~"*S lDWW Results 
. ..^^ me cato« tenrfiius and fe ktenttted herein as SEO ID NO^». 
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— * 4h n Moan Bone Apposition Rates Among lots Treated 

TABLE TWENTY: Comparison of the Mean Bone apposu 




with SEQ ID NOs: 1,7, 9 and 24 




There are literature reports that the presence of histidine and cysteine residues* 

20 PoW^escane^^ 

absence of catalytic enzymes P nt. J. Peptide Protem Res. 45, 1995. 547,553). 
analogues of the polypeptide identified as SEQ ID NO:9 were synthes.zed: 
SEQ ID NO.25: 

C^CO - Arg Thr Asn Glu His Thr Ala G]u Cys Lys - NH, 

25 SEQ ID N026: 

CH 3 CO - Arg Thr GJq Glu His Thr Ala GJu Cys Lys - NH, 

SEQ1DN027: 

rum Ara Thr Gin Glu His Thr Ala Asp Cys Lys -NH 2 

ZL») using 50 mM sodium phosphate P H 2.5 as ma running buns, on a 57 on long x rip 
plaosd in a 500 pi »al phor to injection onto the WACE uang pressor, tor 20 sooonds. Fo, g 
freshly dissolved peptide as a control. 
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AnaVical results indicated that each of the polypeptides tested underwent 

downtosmallerfragments,i.e.,undergoingproteolysis. hocnhate nH 3 0 20 

Each of the polypeptides was dissolved in 20 mM sod.um phosphate P H 3.0, 20 

• a ^ a te oH 4 0 20 mM ammonium acetate P H 5.0. 20 mM MES P H 6.0. 20 mM 

mM ammonium acetate pH 4.u, _u mm . _l.ro 20 

^ hf «n ha t eD H70 20mMsodiumphosphatepH7.5.20mMsod.umphosphatepH8.0.20 

mw , S _b,sa.apHn=a,4. 5 . Wnen incubated pH 6.0, pep«d. dimenzed. *P** 

^Sad a, SEQ ,D NO:7 had a ^a, ^ ^ ^ m 

The protected polypeptide identified as SEQ ID was. 
250m Ma ro non i u m a C a_«pH4.5_a«na l „ n ca« ra «o n on _** » — ~ £ 

'rcTc o/lmtempe^e C22-C, Sample — 
P/ACE as described above and/or by RP-HPLC. 

Analytical results indicated that the peptide is very stable as a powder and when 
dissolved in pH 4 5 buffer. Modification of the peptide incubated at room temperature was 

T^emodi^^^ 

- mm -mnm arptate Dissolved peptide incubated at 4 C, u or / - ^ «<» 

«_»__, to become modified v* in«, .me, it»as apparent. « «as «- 
30 did no. sfcniticantW aiter the HPLC pmfrte as compared ,_, dnr pepWe *— - "™ c * <° 28 
^ ThestaWlfoofeachoflhepolypepl^ 

BenlM«SEQ_t««A26_-27w«-^-d-c^^ tested 
Tho po^opade iwmo SEQ ID NO: 27 was found to bo unstable at all pHs tested 

,n genera,, polypeplides having am.no add nuances idenflied as SEQ D UOs: 
7 and 24 degraded over lima when dissolved to dtate acids. Tbesa peptides werefaundtobe 



37"C. 

40 
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m oststab,ewhend^^ 

Polypeptideshaving^^^^ 
and 27 were tested for bone Eatery acuity in comparison to the polypeptide identified as SEQ 
D NOs: 24. Results obtained according to experimental procedures described above are 
presented in Table Twenty-One and Figure 14. 



10 



15 



I TABLE TWENTY-ONE: Comparison of the Mean Bone i Apjf 
TABLE TWtN t-un Treated with sEQ )D NQs: 24 25 2 


losition Rates Am 
6 and 27 


tong Rats 




SEQ ID NO:24 


SEQ ID NO.25 


SEQ ID NO:26 


SEQ ID NO:27 


Control 


Mean 
(um/day) 


2.04 


1.94 


2.88 


1.72 


1.36 


S.D. 
N 


0.14 
4 


0.23 
4 


0.47 
4 


0.33 
4 


0.14 
I 4 







A general charge pattern, based on ft. sid. chains of ft. component amino adds. 
IS shared b» fte 10-amino sequence id.n«ed as SEQ ID NO.*. 24, 25 26 and 27: 

e-©-©-0-©-©-®'©" Cys "® 

,„ ft. case o. each sid. chain indicated by an as***, ft. «. chain would no. bear a MM. 
..threonine (second and sbeft amino acids) includes a h^ox»ig.c U p,whK* B polar. W«W 
no^poiar. C ys^..fter»ftarninoadd.^ 

te ' dfeu,fide . brid9e : Md ^:r' 

25 |„ on .setof^rirn. nB .as.n«ofpol^plidesr«v^an«.aadsequan<»s 
idenffled as SEQ NOs:34, 35, 36, 37 and 38 we,, chemically synftesized according » re*. 
h a,ft.sa m .=r™noa*se, U enc.asfta,«edas S EQ,ON0 2 4, M o„.o.ftean^aads 

On 400 u, 20 mM ac* acid solulion) was infected subcutaneous!, No t «■ along w*h 
te ^e(5n^peran ta a| i n400p 1 wate0.asde SOT -b« 1 .bo»e. A second dosage o, 

to ™,m. te ph»s fe o ( fte^fernu t was OTm ^Bd.te ra *.ft.bon.n^,ap^^ 
fa ft. acetic acid solulion and using a polypepUde having ft. sequence d«*M as SEQ ID 
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amidated The results obtained are shown In Figure 15. 

,„ anrrthe, set e, e^nments. the dosage depended o. effect, observed -the 
^.compounds ha** amino add sequences «en«ed as ^^^^ 
. r— The^en.wereca^ou.asdeacn.ada^.or^^^ 
three dosages o. each polypeptide: ,00.200and4<»n m olespe,an,mal. The results obtemed 

are shown in Figure 16. ^ 
As can be seen from Figures ,5. 16 and 17. subsMon of any of the Srst, fourth. 
m efchtt, o, Mi amino adds ef SEQ ID NO*4 w«h atarHne. resuhs in a subset toss o, bone 

an»no adds of SEQ 10 N024 lately results in retention of bone semulator, «** 

|„ a fcal set of experiments, a riptide having the ninth am.no add, cystetne. 
replaced b, the amino add tyrosine. SEQ ID NO : 43, was synthesized and tested for bone 
lutatoryacMt, Feu, rats (about 300 grams) w«e each administered w«h 100 nmoles. 

Z e,aLl,n400u.water,.asdescnbedab.ve. Ilphvds 
Tdmnster ed 48 hours tate, and me animals sacd^ 24 h<,rsa«er*at The, o^rmetep^s 

o le n gM ,emu,wase*ar«ned<ode,err*e the bene m ,ere, appos«on rete. F OT companson^ 

90 solution The results obtained are shown in Figure 18. 

20 solutron.T teMnbe ^ nftomF . 9ure16 ^^^seu.bone^ula.oryactr-ywas 
obsenred in animate to which the polype^ having SEQ ID NO ; 43 was adn.nis.ered over th. 

~" 9r0 " P ' induded v«n the scope o,»,e present — are compourrfsdenved from the 
25 po^eha.ng^an.neaddsequence-.enBedasSEQ.DNO^. 
Zmpoundsare,hosepo^esha* g SEa^^^^ 

, pcWde can have up to or be based on 30. 25. 20, 15 or 10 consecuhve ammo ads fromthe 

amino acid sequence identified as SEQ ID NO:1 . 

A compound -derived W a polypeptide ha»ng a par-ar amino aod sequence 
30 is any molecular ensty which is identica,. substontally homologous, or omerwise funcconalr, or 
IZUutvalelu.a.po^e. Thus, a molecute den** from a par.cular^ *p*» 

motecula, en«».ha, functions to simulate bone growlh. A molecule derived from such a 
bMng domain v-mMcute pol»pep«de from ^h« te der«ed. Suoh molecular enaes may 
35 include peptide mimetics and the like. ^ ocin 
Teptkles mimetics" are structures which sen* assubsttutes for ^ esm 
interactions with acceptor molecu.es (see Morgan et al. (1989) Ann. Reports Med Ctaa 24343- 
252forareviewo, P ep fi de mimetics). Peptide mimetics , as used herein, include 

40 andfunctionalfeaturesofapeptidefromwhichtheyarederived. Theterm. pept.de m.metcs 
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length and ^ 1 — «— -I— * *** nlbou. 

Two polypeptide sequences are "substantially homologous" when at ,east about 

nuclides o, amine adds match o»er a defined iengm otthe polypeptte. M used he^ 
oetained^systemafcreplaeementotL-amtoo adds by Oamino aCKls, rep— o^chain 

F ° re m n 2d 

caning 

2«on.lhas ro ,a«ona,*eedom,n^^^ 

Local informational constraints can aiso be Introduced to determine 
ad* For example. ******* arntao adds may be used to e«am,n. the effeds of 

25:40M14; Mosberg ..at (1983) f*c. M « <« ^ * * (1985> 

25 Proc. Waff. Acad Set. USA 82236-239). 

The mimeses can indude isosteric amide bonds such as *[CH,S|. +[CH,NH). 
tICNHJ «NHCOl «COCHJ and *[(E) or <Z) CH-CH) see. for review, spatola (1983) « 

Marce, Deldcer. New «*. 267-357). The synmeuc modules can also m dude D-^e ^o 

eds) Pierce Chem Co., Rockford, HI., 549-552; Sawyer et al (1980) Proc Waff. Acad So. USA 
analogues may be used to consuain amino acid residues to parSeufc, corrtormaaonaiaates, e.g. 



40 



analogues may ue u»u ~ 

aa , and ^substituted cyclic amino adds such as 1-aminocyclopentancxarboxyUc aod 
(cycloleucine) and p.p-cyclopentamethlyene-^ercaptopropionic acid (see Hruby et al (1990). 

supra). 

The mimetics can also include mimics of polypeptide secondary 
structure-structures which can mode, the 3-dimensiona. orientation of amino acid resdues mto 
the known secondary conformations of proteins-including p-turn mimetics, such as phenoxathm 



35 

supra). 
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10 



15 



— : — r-^r:^^ 

bromotns(py^^^ 

•hp -nthesis using a-(9-fluorenylmethoxycarbonyl)am.no acrfs. 01.gopepto.ds may oe 
acids of the sequence of the particular polypeptide. The c ^^^ seeing ofthe charges would 

corresponding unproved poKpepNe. SEQ VD N 0:S> has a sequence 

■„ „, SEQ ONO-1feMreeived. lnt«rSc U lar,lherml^ w ^ 0,lho1 ^ 

35 ^^^ U ^; ,SEQ " N0 S ^ NM4 ..asahon.s.imu^effec.whichexceeds 
amino acid polypeptide sequence, SEQ ID NOJM. nas 

MM e«he, SEQ ID N0:1 or .he 10-an,ino acid unprotected the 
Further, »s can be seen the polvpepMe idenrW as SEQ fO NOi6 (and to 

, C cmnNO-29lhasasequenceot10aminoat»ds.only 

40 eight of which are identical to those contained in the 36 ammo aoa seq 
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« ^d.sSEQIDNO-1 Thisindicatesthat/n^^ 

35 h I as 220, of the amino acid sequence of SEQ ID NO:1 is conserved. On 
polypeptide ,n which as We as22X of th e am 
a molar basis, the protected sequence (SEQ ID N0.26) has been . 
colons of the foregoing experiments, have an even more potent effect than that of SEQ 

5 NO:24 ' likewise the polypeptide identified as SEQ ID NOS5 (and the corresponding 

„ ^ Hi SEQ IDNO-28) has a sequence of 10 amino acids, only nine of wh,ch are 
u „ P rotededpo,y P eptde,SEQ.DNO.^ 

identical to those contamed .n the 36 am.no aod seq polypepWe in which 

MO-1 Thisindic*testhat/nw^ h . „ 

N0.1 . 1 his inoicaie* conserved. On a molar basis, the 

1 5 as those contained in SEQ ID nu.i . ne v 

* mD nt fh^t is lonaer lived once administered to an individual. 

^^^^ 

acas aauan«.hat ra nb.a.a™d«^ 

*. 36 an*, acid of SEQ ID NO-.1 in aligned sequence would be 22% 

40 — «BN<«.-» Anan,inoa oU sa q ua n c» h a»n g n M ou«o,»»36an»no 
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add residues of SEQ ID NO:1 in ar B ned sequence would ■» 25* conserved, as for SEQ ID 
^5 27 28 and 30. A n a^oac i dse qU e n oeha»„9 te nou.of«,= 3 6a m ™a a d re sd U e S of 
SEQIDNO:, l „a« 3 neds« 1 uan C e te 28 % co n se™ed,asforSEQIDNOs:9and24. 

Described in a slightly dBerent way, a polypeptide of the present in«*°n is an 
am ,no add sequence corresponding to SEQ ID NO:, - (a) on. amino ***J*»~+ 
deleted from foe N-terminus of SEQ ID NO:1 , (b) one to 22 amino acids deleted from * 
toCosofSEQ ID NO:t. orboMa) and (b); or a function* equfcalenthomologue . hmayb. 

amino acids from the Oterminus of SEQ ID NO:1 . 

U, another so-, the p*-** - f » ~ * deSa *'"' " ' 

po^pwe bone acti* in — - ^°^^T 

ZZ* - SEQ ID ttl . SEQ ID NO:3. SEQ ID NO*. SEQ ID HQS, SEQ ,D NO.4. SEQ D 
Ze SEQ ID NO:7, SEQ ID NO*. 0, SEQ ID NO:9; analogues hereof wherern <- ™» -* - 

mammals derived from the three dimensional stueture of th. seouence is preserved; and 
rasl«asSEQID N D:1,^*ere,a,,eas,o„ea m ,oaddd,e,edtoe,e«onv 

A polypeptide of the present invention would include such a sequence which 
sequencewouldhaveamolecular^ht^emr^eoffmmaboutlOOOtoW. It Is tone 

«,u M inaeaseth.molecular»^htofmeo»e ra llcompourdt^nd4000 

Kwill also be understood, withoutthe intention of being limited thereby, that a vanet, 
o Is ubstilutior*of amino acidsispossib^^ 

5 torlnple. that torchange among non-polar static neu»al ammo aods, glyone, a la,™* 
Ltal ar*o acHs. senna, thread, mahionlne. cysteine, asparagfce and >*d 

sequence, although asseen above a successful cys-ala substitution was effected (SEQ DNW 
Substitutions among the chaiged addic amino acids, aspartic acid and glutamK asd, can be 
made, as shown above, and substitutions among the charged basic amino acids, tysine and 
arg^e are afso ft* to be possible. Substitutions can be made atone or b 
35 ^ofsubst^nsarrfinterchar^a*^ UruWStotes 

ptn.Nos.S^andS.a^^.for^nce.d^omerP^esub^^'" 9 
aubelMons invoking amino acids not encoded by the gene. Omar satins mtf* wall be 

P ° SS "" e ' TheimFortonceoftoerMerrninuspor^ 
40 resultsdeschbed herein. The polypeptides (SEQ ID NOs:9, 24, 25, 26, 27, 28, 29 and 30) havmg 
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amino acids 5 to 14 of SEQ ID NO:1 display, bone — « activity while pohrpepMes laclong 
r^ N Li„usa^oa*.b U . h a^a^ac te ,0.„ 3 2 ( SEQiDNO : i4,or am ,no 

TlZ* (SEQ iD NO-10, do no. display bone somulaW ac**,. it may bo that . . pos*e 

should be few. Of particular note, b the polypi having the sequence .dentrned as « » 
which differs by only one amino add residue from the amino acH sequence .derMed as 

b °" eC ° nte " L Ushould^l, hepcssibl.torn.no, addons o, amino adds to be made attends 
„, the sequence and symmelrical o, neany symmetrica, additicns to the carboxy and am,no 

^^Ofreahove^modtnca.nsto.esequenc..^ 

subs^aremost^tobemostusefui.assu^^ 

,un*ns: an iden^ng grouped, usetoa^ 
, te *u,enon™lr*ptide(SEQ,DNO:1),anactosubse,uehcec»n te j^a 

,5 s.muia^yacMty. Th* is paraculartytrue to, the aminoadd sequence »" BD 

A turther advantage may be obtained though ctumenc forms of the prolan, as 
^ ,„ the an A DNA sequence encoding th. emire pro*, o, a portion 

1 994 and references cited therein, for example. 
35 hy^uesofconve^onal-chenWotby^mhinaht^ues. H~*F«"'»- 

from an animal, for example. 

Nucleic acid (DNA) sequences coding for the acfcve portions of the normal 

40 polypeptide would be as follows: 
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ACC TTG CAT AAA AAA GCT GCA GAG ACT TTA ATG GTC 
ACC TTG CAT AAA AAA GCT GCA 
ACC TTG 

10 SEQ ID NO:20 (corresponding to SEQ ID NO:7): ATT 
GGG ATC GGA AAA CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA ATT 

SEQ ID NO-.21 (corresponding to SEQ ID NO:8): 

GGG ATC GGA AAA CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA 

SEQ ID NO:22 (conesponding to SEQ ID NO:9): 
15 CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA 

Hvpotne^lc^^ 
amino acid residues substituted therefor, are: 

SEQ ID NO:31 (corresponding to SEQ ID N028): 
CGA ACA AAT GAA CAT ACG GCA GAA TGT AAA 

20 SEQ ID NO:32 (corresponding to SEQ ID N029): 
CGA ACA CAA GAA CAT ACG GCA GAA TGT AAA 

SEQ ID N0.33 (corresponding to SEQ ID NO:30): 
CGA ACA CAA GAA CAT ACG GCAGATTGT AAA 

Acxording^.aveaor^ 

TL^e as described previously, and particularly in internatona. patent 
use in synthesizing a poiypepbde, as descnbed pre y as 



25 



30 
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5 inasenesequencecan.nus^.ace^^ 
— o^a,— 

from an, of the above sequences (and DNA seouen i„ such a way 

to 88(Academ»cPr e ss,NewYork,1981)). ( 
As used herein, "protected" termmal carboxyl group refers 

25 _ed M ft. — <H— - - *| r*"^.'^, can te used 

Mernlield,J.An.CI»n..Soc85i149-2154P9ra).» ^ mpBlodsare!lteod escnbedln 
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bodyweight Morepreferablv.thedosagewou adminStratton vrouM be 

greater . less -an once per da,, dependrng upon the Ration. 

Th. dosage of an, one o, more of ft. co^nds » pe ^ and 

the mammal being treated. Dosages oi a pa custo mary comparison of the 

different ac**es o. the subject compounds and M * 3^ 
appropriate pharmacological P«»°«" in v**. for sample, bone dens*, 



20 

overtime 



25 



Pharmaceutical prepare*™ include an, of the compounds prepared as an 

suspension; solid forms suable for soluton m, o p ^ ^ 

be spared. The prepared ma, afso be emuteled. The 



30 

the like. 



Pharmaceutical preparations*^ 

i5 carrlersut^.m^tdelete^^ 

enhancefhe^gea^handi^s^W^offhecom^s^e^^ 

,„ du de sterMon o, fhe Pharmacol prepay. ^ 
aurfiar, agents such as lubricants, preservatives, stabtors. salts for rnnuencrna 
e tt ,^ k *der».rea«de,e.e„.usl,»«h«.ecompo U nds for 
40 The compositions are convenbonall, admired parenteral!,, b, in. 
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========b===- 

, =========== - 

storch, magnesium stearate. sodium saechanr, caMose, magnea 
T^mpos^etnefcrmo,^ 
release formulations, or powders, and contain o 

until it can be 

,0 70%. ThasaoraHon^ulalioasiucludBformulationsdasignedtoprotectthepep 

r^=^"iS 

20 ipepuuew"'. r nmPOL™ fWR Grace & Co..-Conn.). 

coding sequences or portions thereof are retne Mnsfonne d into appropriate hosts. 

erepresentedbyvaft>lls ^ 0 . E .- H— . 
Itt contain reptaaon ong»K, and control sequences den»ed from a spaces comp 

. ■=========« 

^octhPheta-lactamase (penicillinase), lactose (incj promos » 
commonly used promoters as the beta-lactama w* (Goedde , et al.. 

/Chanoetal (1977) Nature 198:1056), the tryptophan (trp) promoters system k 

=============- 

40 compatible with procaryotes can be used. 
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The exp,ess,on systems «H * — »* '" Ve "' l0n 

gai promote. w« -m-i-w-a nr the Leu2 qene obtained from YEp13 

kinase (Hitzeman et aL, (1980) J- ftof Chem 256.1385) or the LeuZ g 

nr , , ,1978, Nature 2731 1 3) 01 other v * ra ' promoters such as those denveo from polyoma, 

transcriptional and translation^ regulatory regions. 

Usually the vectorwil. include a markerwhich allows for se.ect.on of host cells 

• ======== 

is to be secreted an upstream sequence encoding signal peptides such as those descnbed U.S. 
is to be secretea, ps emp i oy ed. The signal sequence is 

Pat Nos. 4,336,336; 4,338,397; and 4,546,082 may De empioy 

enzymaticallycleavedasthepolypeptideproductissecreted. tpchnklues 
3 0 Dependingonthenostcellus^^^ 

mammalian cells ™thout such cell walls, the caldum phosphate preoptahon method of Graham 

to, example, accent, to the melted otVau MM* P.. e. at.. (1977) JBaefer «W -d 
Hsiao. CI., eta... (1979) Proc Wafl Acad Set USA 76:3829. tasKtemis 
40 In aeneral. atle, constructor o, a suitable expression system, the system k 
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~— — Hi:.—-- 

systems include radioimmuno assays (RIAs) or immun , RMAs a 

rKont a*A»i (ELISA) would have in common with RIAs and ikiw*s a 

^.iizad sampla c**n aad treament. P*P«** P«*««» at™ *re* 
40 Gtoano^WeshoW^osnt-atoof^hapo^em^d^mofa^ «» 
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subiect.tes.Wtecouldtl.usbedeveloped. a ^ oendi „9 patent appScallons.doscribe.1 

abM e are Incorporated ner* by referenr*. , 993: No . 12M 17 

M September M. U« No. 302.485 Bed Septet 12. 1994. 
1995. 
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SEQUENCE LISTING 

GENERAL INFORMATION : 

(M ^ A fSi GENSCI REGENERATION SCIENCES INC. 
15! Set: 201 - 5090 Explorer Drxve 

(C) CITY: Mississauga 

(D) PROVINCE : Ontario 

(E) COUNTRY: CA 

,F) POSTAL CODE (ZIP) : 4T9 

(A) NAME: TAM, Cherk Shing 

(B) STREET : 1072 Rectory Lane 

(C) CITY: Oakville 

(D) PROVINCE: Ontario 

(E) COUNTRY: CA 

(F) POSTAL CODE (ZIP) : L6M 2B7 

TITLE OF INVENTION: BONE STIMULATING FACTOR 
(i ii) NUMBER OF SEQUENCES: 43 

CiV> a ST'SlS^ SSLtte, 3 1/2 inch 1.4 Mb storage 
B SmpOTER: COMPAQ, IBM PC compatible 
C OPERATING SYSTEM: MS-DOS 5.1 
(D) SOFTWARE: WORD PERFECT 

(v) CURRENT APPLICATION DATA: 
APPLICATION NUMBER: 
(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/763, «o 

(B) FILING DATE: ll-DEC-1996 

(2) INFORMATION FOR SEQ ID NO:l 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( xi> SEQUENCE DESCRIPTION : SEQ ID NO:l 
Gly xle Gly Lys Arg T*r Asn Glu His - Asp Cys Lys lie L ys 



1 5 



Pro Asn Tbr Leu His Lys Lys Ala Ala Glu T,r Leu Met Val Leu Asp 
20 z 



Gin Asn Gin Pro 
35 
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(2) INFORMATION FOR SEQ ID "J:2 

(i) SEQUENCE CHARACTERISTICS. 

(A) LENGTH: 36 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(1X> ^ME/KEY: Modified site 

S ^INFORMATION: /not, "Xaa is N-acetyl glycine" 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2 

» .x. .x, «• - « - ^ % " a " P ^ » L " 

1 nl , , la giu Thr Leu Met Val Leu Asp 

Pro Asn Thr Leu His Lys Lys Ala Ala Glu 3Q 
20 

Gin Asn Gin Pro 
35 



(2) INFORMATION FOR SEQ ID NO .3 

(i) SEQUENCE CHARACTERISTICS . 

(A) LENGTH: 36 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(xi ) SEQUENCE DESCRIPTION : SEQ ID NO:3 

v. » B n,i His Thr Ala Asp Ala Lys He Lys 
Gly He Gly Lys Arg Thr Asn Glu His Thr p 15 

1 5 

„ n , a a \u Thr Leu Met Val Leu Asp 
Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr ^ 



20 

Gin Asn Gin Pro 
35 



121 INFORMATION FOR SEQ ID NO: 4 
( (ii SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 



(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 4 
Gly He Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lie Lys 
1 5 



Pro Asn Thr Leu His Lys Lys Ala Ala Glu Thr Leu Met Val 
20 " 
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,?\ INFORMATION FOR SEQ ID »°:5 
{) (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:5 

Gly He Gly Lys Ar g - - "is ^ ^ - C - ^ S- 

1 5 

Pro Asn Thr Leu His Lys Lys Ala Ala 
20 " 

/->n TNFORMATION FOR SEQ ID NO: 6 
(2) ^M^QUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:6 

n T Rrfl Thr Asn Glu His Thr Ala Asp Cys Lys lie Lys 
Gly He Gly Lys Arg Thr Asn W. ^ 15 

1 5 

Pro Asn Thr Leu 
20 



t?\ INFORMATION FOR SEQ ID NO: 7 
(2) j SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO:7 



1 5 



(21 INFORMATION FOR SEQ ID NO: 8 
(2 ) ««"*^ QUENCE CHARA CTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 8 



1 5 
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1 (A) LENGTH: 10 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 9 
Wg Thr Asn Glu His Thr Ala Asp Cys Lys 
1 

TwvnnMATION FOR SEQ ID NO: 10 
U) 1 m^SScB CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 



Ul, SOTEXCE DESCRIPTION: SEQ IB «°^" 

Leu «. «. - - - ~ - !T val ™ MP G1 " " 



i 5 



(A) LENGTH : 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 



Ui) SEQUENCE DESCRIPTION: SEQ ID NO:ll 
Le u His Lys Lys Ala Ala Glu Thr Leu He, Val Leu Asp Gin Asn 



1 5 



,2) INFORMATION FOR SEQ ID NO. 12 
(2) (i) SEQUENCE CHARACTERISTICS^ 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi , SEQUENCE DESCRIPTION: SEQ ID NO:12 

, nuThr Leu Met Val Leu Asp Gin 

Leu His Lys Lys Ala Ala Glu Thr Leu ^ 

1 5 

#oi tnformaTION FOR SEQ ID NO: 13 
l2) "S^SScE CHARACTERISTICS: 

(A) LENGTH : 13 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13 

t « Ala Ala Glu Thr Leu Met Val Leu Asp 
Leu His Lys Lys Ala Ala »»x iQ 



1 5 
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17\ INFORMATION FOR SEQ ID NO: 14 
(2) INFORM* CHARACTERIST ics: 

(A) LENGTH: 23 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:14 
T hr Ala Asp C Y s Lys He Lys - Asn Thr Leu His Lys Lys Ala Ala 
1 5 

Glu Thr Leu Met Val Leu Asp 
20 

(2) INFORMATION FOR SEQ ID NO: 15 

(i) SEQUENCE CHARACTERISTICS. 

(A) LENGTH : 30 amino acxds 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15 

xi ^ Tt/c Pro Asn Thr Leu 
Arg Thr Asn Glu His Thr Ala As P Cys Lys He Lys 

His Lys Lys Ala Ala Glu Thr Leu Met Val Leu. Asp Gin Asn 
20 " 

(2) INFORMATION FOR SEQ ID NO: 16 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16 

Arg Thr Asn Glu His Thr Ala Asp Cys Lys He 
1 5 

(2) INFORMATION FOR SEQ ID NO: 17 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 90 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17 

5SSSSSSS2SSS5SS5 
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,o» tmpormATION FOR SEQ ID NO: 18 

(2) 1 u^queSce characteristics: 

1 (A) LENGTH : 75 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Ui ) SEQUENCE DESCRIPTION: SEQ ID NO: 18 

_„ rrA gat TGT AAA ATT AAA 

- S 5 E S S S - " y s " cys ws S" L,s 

1 5 75 

__ r nrr TTG CAT AAA AAA GCT GCA 

S S S » is L * s Lys Ala S a 



48 



,,, tmvormATION FOR SEQ ID NO: 19 
(2> 1 U)^QUENCE CHARACTERISTICS : 

(A) LENGTH : 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19 ^ 

SS5SSSSE55SSS5SS5 

i 5 ( 

CCG AAC ACC TTG 
pro Asn Thr Leu 
20 



,2) INFORMATION FOR SEQ ID NO. 20 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO:20 



i 5 



42 
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( ' (A 7 LENGTH: 42 base pairs 
(B) TYPE: nucleic acid 
C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

SEQUENCE DESCRIPTION: SEQ ID HO = 21 

^ m „ M « » « « « s s % z S 

Gly He Gly Lys Arg Tnr Asn ^ q 
l 5 

(2) INFORMATION FOR SEQ ID "0:22 
' (i) SEQUENCE CHARACTERISTICS 

U (A) LENGTH : 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ltl , SEQUENCE DESOUETION: SEQ ID »0:22 

« •» r ss 2 s s Sp s ts 

Arg Thr Asn Glu His 1Q 
1 5 

1 (A) LENGTH : 108 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23 ^ 

s s s - s s s si s s s s s - «■ - 

1 „ rsr nrT TT A ATG GTC CTT GAC ^ 

S E S = S S - S S S S ~ y - - 

20 108 

CAR. AAT GAA CCA 
Gin Asn Gin Pro 
35 



30 
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SUBSTITUTE SHEET (RULE 26) 
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„, tmvqrMATION FOR SEQ ID NO: 24 

(2) n £TX5ra« characteristics: 

1 (A) LENGTH: 10 amino acxds 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

liX) ^TnSe/KEY: Modified .it. 

S Sr^FORMATION: /note- "Xaa is 

llX) ^aT^ME/KEY: Modified site 

(B) LOCATION: 9.-- „ is i ys inamide" 

Id) OTHER INFORMATION: /note- Xaa is y 

(xi , SEQUENCE DESCRIPTION: SEQ ID NO:24 

Xaa Thr Asn Glu His Thr Ala Asp Cys Xaa 
1 5 

{2 ) INFORMATION FOR SEQ » *W:25 

(i) SEQUENCE CHARACTERISTICS. 

(A) LENGTH : 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(iX) ^AME/KEY: Modified site 

SS STnfop^TION: /note= "Xaa is N-acetyl arginine" 

(iX) ^"S/KEY: Modified site 

(B) LOCATION: 9..- „ y is iysinamide" 

(D) OTHER INFORMATION: /note- Xaa 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO:25 

xaa Thr Asn Glu His Thr Ala Glu Cys Xaa 
1 5 
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(A) LENGTH: 10 amino adds 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(iX) ^'S/KEY: Modified site 

{SI SST^TXON: /note= "Xaa is N-acetyl arginine 

(iX) STSSw- Modified site 

(B) LOCATION: 9-.- „ x is lysinamide" 

S) OTHER INFORMATION: /note- Xaa y 

. (xi) SEQUENCE DESCRIPTION : SEQ ID NO:26 



1 (A) LENGTH : 10 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ix) FEATURE: _ ite 

(A) NAME/KEY: Modified site 

(B) LOCATION: 9.-- „ y is jvsinamide" 
(D) OTHER INFORMATION: /note- Xaa xy 

(xi) SEQUENCE DESCRIPTION: SEQ ID «0:27 
xaa Thr Gin Glu His Thr Ala Asp Cys Xaa 
1 5 



„. TNFORMATION FOR SEQ ID NO: 28 
(2) ™[^ Q SnCE CHARACTERISTICS: 

(A) LENGTH : 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

{xi ) SEQUENCE DESCRIPTION: SEQ ID NO:28 
Arg Thr Asn Glu His Thr Ala Glu Cys Lys 
1 5 
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* ' (A) LENGTH: 10 amino acids 
(B) TYPE: amino acid 
( D ) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID «0:29 



5 



( } (A) LENGTH: 10 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 30 



1 



1 ' (A) LENGTH: 30 base pairs 

B TYPE: nucleic acid 

C STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31 

~ m n<~r~ RCA GAA TGT AAA 
CGA ACA AAT GAA CAT ACG GCA GAA ^ 
Arg Thr Asn Glu His Thr w 1Q 
1 



( ' tJ X LENGTH: 30 base pairs 
B TYPE: nucleic acid 
(C STRANDEDNESS: single 
(D ) TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:32 

rflT ACG GCA GAA TGT AAA 
CGA ACA CAA GAA CAT ACG cyg Ly£} 

Arg Thr Gin Glu His Tnr ru. xQ 



1 5 
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I7\ INFORMATION FOR SEQ ID NO: 33 
(2) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:33 

Arg Thr Gin Glu His inr tv. r i0 
1 5 

,->\ INFORMATION FOR SEQ ID NO: 34 
U) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(iX) IaTS/KEY: Modified site 

J?, ^"FORMATION: /note= "Xaa is N-acetyl alanine" 

(1X) ^"S/KEY: Modified site 

(B) LOCATION: 9... . lY sinamide M 

(D) OTHER INFORMATION : /note- Xaa is xy 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 34 

Xaa Thr Asn Glu His Thr Ala Asp Cys Xaa 
1 5 

m INFORMATION FOR SEQ ID N° : 35 
( (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

UX) ^SmE/KEY: Modified site 

[l\ STnFORMATION: /note= "Xaa is N-acetyl arginine" 

UX) ^TSS/WT: Modified site 

(B) LOCATION: 9-.- „ is ivsinamide" 

(D) OTHER INFORMATION : /note- Xaa is iys 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35 

Xaa Thr Gin Ala His Thr Ala Asp Cys Xaa 
1 5 

12) INFORMATION FOR SEQ ID NO: 36 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
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(D) TOPOLOGY: linear 

(B> LOCATION: 9... „ is lysinamide" 

Si OTHER INFORMATION: /note- Xaa 

(xi , SEQUENCE DESCRIPTION: SEQ ID NO:36 

1 

( A ) LENGTH: 10 amxno acxds 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

liX> ^ME/KEY: Modified site _ 
IS CONFORMATION: /note= "Xaa is N-acetyl araxnxne 

liX) (S T S/KEY: Modified site 

(B) LOCATION: 9.-- »v a a is lysinamide" 

(D) OTHER INFORMATION: /note- Xaa x 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37 
X aa Thr Asn Glu His Thr Ala Ala Cys Xaa 



,o> tmvormATION FOR SEQ ID NO:3S 
(2> m^QUENCE CHARACTERISTICS : 
( ^ A) LENGTH : 10 amino acxds 
(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(1X) f^^/KEY: Modified site 

53 OtSTnFORMATION: /note= "Xaa is N-acetyl arainxne 

(1X) ^S/KEY: Modified site 

(B) LOCATION: 9--. i a i a ninamide B 

Jd, OTHER INFORMATION : /note- Xaa 

(Hi) SEQUENCE DESCRIPTION: SEQ ID NO:38 

Xaa Thr Asn Glu His Thr Ala Asp Cys X«. 

1 5 
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C (A) LENGTH: 10 amino acxds 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

< i5 ° XS/KEY: Modified site ^ 
(B) LOCATION: ...2 « X aa is N-acetyl argimne 

Id! OTHER INFORMATION: /note- 

(iX> ^TSSi/KE*: Modified site 

S5 0°tS^0~: /no t e= "Xaa is lysinamide-. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39 
xaa Ala Asn Glu His Thr Ala Asp Cys *j. 
1 5 

(2) INFORMATION FOR SEQ ID NO: 40 

(i) SEQUENCE CHARACTERISTICS. 
1 (A) LENGTH: 10 amino adds 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear 

1110 ™rSk/m: -Mi- 

^SSi/KH= Mo.iifiea site 

(B) LOCATION: 9... /T1 _ re _ » X aa is lysinamide 

(D) OTHER INFORMATION: /note 

(xi , SEQUENCE DESCRIPTION : SEQ ID NO: 40 

Xaa Thr Ala Glu His Thr Ala Asp Cys X» 
1 

tmst.RMA.TION FOR SEQ ID NO: 41 

(2) 1 u^Snce characteristics: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(iX) SfSS/KK: Modified site _ 
ffi STnformaTION: /note= "Xaa is -acetyl argimne 

• UX) ^ZLW. Modified site 

S ^"FORMATION: /note- "Xaa is lysinamide" 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 41 
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xaa Thr Asn Glu His Ala Ala Asp cys «. 



1 



1 (A) LENGTH: 10 amino adds 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(1X) X T S/KEY: Modified site _ 
J?, oS^OKMATXON: /note= "Xaa is acetyl aroinxne 

(±X) ^ T S/KBY: Modified site 

(B) LOCATION: 9.-- „„ is lysinamide" 

( ( D) OTHER INFORMATION: /note- Xaa 

(xi , SEQUENCE DESCRIPTION: SEQ ID NO: 42 
Xaa Thr Asn Glu His Thr Sly Asp Cys Xaa 



( (A) LENGTH: 10 anu.no adds 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

< 1X) ^ME/KEY: Modified site 

15 SSr^ORMATION: /note= "Xaa is .-acetyl ar^ne 

(1X) ^S/KEY: Modified site 

(Bl LOCATION: 9..- „„ is lysinamide" 

Jo) OTHER INFORMATION: /note- Xaa Y 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43 

xaa Thr Asn Glu His Thr Ala Asp Tyr ». 
1 5 
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CLAIMS 

■ ^ ■ , mma ls the compound being derived from a 

■^ = z:-'=r~--=: 

acid sequence corresponding to SEQ ID NO.9. teckbone which fe substantially 



4. The compound of claim wi 

tero *us o.*e polypeptide * „, ^c, corresponding «o SEQ 
8 The compound of dam 1.2 or 3. including s 

, D NO* „nid retain bono s—atory ac«* . ^ „ om 

9 . T „e compound ^'■^^^Z^'**"""*^'™*" 

*»*.P-W-^**— " IT'lormoie seiected seguenc, 

i- „ *_ ecn ID N01 and conjugates ot one 01 »•«■ 
soouence corresponding to SEQ ID NO. ^ ^ poW>rW> ^ 

N0:1 and conjugates of one or more selected ^ uenceS - tide is denved 



N0 :1 andconiuo^ofonooimo^se^s^. 

— — — toSEQD 

M ^-"W^° ,0ne0rm ° reM '^«a te te compound having a charge 

corresponding to SEQ ID NO-26. 
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ID NO:9 and having up to about 83 A seque nolvD eotide up to 30 amino acids m 

j « io. m 17 wherein the compound is a polypepuae 
1 8. The compound of claim 17, wnerein u 

length, and conjugates thereof. ^ence homology with SEQ ID NO:1 . 

,ength, and conjugates thereof . homology with SEQ ID NO:1. 

J « i 5m wherein the compound ts a poiypepuue u K 

24. The compound of claim 23, wherein me 

acids in length, and conjugates thereof. ^ s£Q )D N0:1 . 

25. The compound of claim 23, having ^^^^^^^^m^ 

26. Thecompoundofclaim25,wher e inthecom P ound 1 sapolypep 

acids in length, and conjugates thereof. polypeptide having the charge 

stimulatory acMty in mammals. anr p correSDOnding to SEQ ID NO:1 or SEQ ID 

ahout < 1 amino acids deleted from the C-termmus of SEQ ID NO.t>, 
about 5 ammo ackfc dalated from ft. <Ma~™» of SEQ ID N0.6. 
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33. A po^ o. Cain, 32 oompnsmg - -» SEQ „ N0:7 , „ up „ 

:^z==:==== 

MM*. p-orno.es bona o-ow* h-m-* ^ 

36. A polypeptide of any of claims & w 

38. A polypeptde of claro 37 wherem m p 
secueno. has . - J ^ ,„„, , 0 about 1500 . 

46. As^fiopoWepto aooortng «oo tero 45 ^» ^ an a „*o ao« 

— ^^;.^^^-^--»-- 

se ouenoo«b i ol.isa«^» t » u ' ^2%c<, ' ,se,Ve,1 ' n^e ' a, '™ 
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asSEQ ID NO:, and hav*, a, teas, one ~?^JZZ~~,~«* 

47 . A Sy **P»^"^ to ^ m46 -^ 9 "r m ma te having an am™ acid 

48. Asyndetic polypeptide ac^.ngtoc.a.mAT.hav.ng- ^ 

amino adds deleted from said sequence, o, havmg at leasttwenty- 

said sequence. deleted from said sequence, or 

50. A polypeptide of claim 46 having at least sk "° ^ having at least twenty-one 

:========= 

said sequence. deleted from said sequence, or 

5,. Apoiypepade 0,0,^47 harfng a, ^""^l^^***. 

=r:r---rr.rr.r= 

said sequence. . . . jpio+ed from said sequence, or 

ha.r^^ast^en^addsde^fromaaK.^a^J eteMftom 

am i„„ acids deleted from satf sequence, o, having a, leas, twem, « am 

5aaSK " ,e " Ce M , a „vofc,airns4 5 te4 a «he,e«,thepolyT»Ptidenasarn.^ter^h,in ft e 

:„g::rt::ot::.or, ro m^^te3ooo.or to ma«too„te 2 ooo. OT 

second polypeptide. m , mma i«= the ooWpeptide having the 

MD«««r«,B«M eletKl0I added, sow-*"^*'^ 
conwafcofeach..^ P ^.^^ amta0 add deleted therefrom. 
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sniit 1000 to 4000, or from about 
58. A chimeric bon.snmuialing facto, compr«g a por»oep 

42B57. .. .^-^md of aw of dams 1,2 and 4 to 25. 

: 

amount ofachimeric bone stimulating factor -^^^ w ^ 1l-mM l- 

63. The use of a polypeptide of any of clauns 3. 26 to 39 

osteoporosis. 25 for ^ treatment of osteoporosis. 

64 . The use of a compound of any of cla,ms 1 . 2 an rf 

65 . The use ofachimeric bone seating factor of cla,m 58 or cia-m 

osteoporosis. d 42 10 57 to promote bone growth in 

66 . The use of a polypeptide of any of c.a,ms 3,26to39an 

a mammal. -> or«i a to 25 to promote bone growth in a 

67 . Theuseofacompoundof a nyofcl a .ms1.2and4to25top 

mammal. ,, im *r or claim 59 to promote bone growth 

68 . The use of a chimeric bone stimulating factor of c.a,m 58 or c.a,m 

in a mammal. nolvDeptide of any of claims 3, 26 to 39 and 

69 . ^gnostic Kitfor determining the l^'-J^^^^lh. 

^pn.du^a^tsctable response «*e"P« de,8m,n 

aitfrx* are bound together. ,„ acid seouence klentifW asSEQID 

3, 26 to 39 and 42 to 57. and DNA which drib* from the fragmen 



genetic code. 
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comprises: e which encodes said 

a) preparing a Defragment containing a nucleofcde sequence wn 

polypeptide; recombinant DNA 

c) transforming a host ceil with saki recomb-nant DNA fragment to 

rrr=rrrz==r_-" 

degeneracyofthegenebccode. 26 10 39 an d 42 to 57 in the preparation of a 

7fi The use of a polypeptide of any of damns 3, 26 to 39 ana *e 

77 The use of a compound of any of claims 1,^0 
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